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PREFACE 

The thesis entitled: "STUDIES IN REACTION MECHANISMS AND 
MOLECULAR REAXIRAN CEMENTS & STUDIES DIFiECTBD TOWARDS THE SYNTHESIS 
OE’ INSECT SEX PHEROMONES" consists of two chapters and each 
chapter has been divided into two sections, Pax't-«A and Part-B. 

Chapter I, Part- A of the thesis descr-ibes our studies in 
exploring the mechanism of fonaation of the cyclic cax'bonates in 
the reaction of 4-dimethyl anUnopyridine (1, DMAP) and acetic 
anhydride with 1, 2-ditertiary diols# The generality of this 
reaction has been subs tain ti a ted on the basis of the reactions 
v/ith a few 1, S-ditertiary diols such as 2, 3-dihydroxy- 2,3- 
dime thyl butane (^„) / 1, 1 ' “dlhydroxybicyclohexanc (5^) r I#!'- 
dihydroxybicyclopentane (^) and 1- (2’-hydroxypropyl) cyclohexa- 
nol (65) , It has been observed that the cyclic carbonates are 
the major products in these reactions, apart from the small 
amounts of normal acetylation i.)roducts» A few tertiary alcohols 
such as l-motViylcyclohexanol (3) and 2-phenvlpropan-2-ol (97) 
were found to give corresponding ace to acetates in addition to 
simple acetates under the same reaction conditions* Based on 
the different products isolated in the reactions of these subs- 
trates with acetic anhydride and 4-dimethyl aminopyridine, reason- 
able mechanisms have been postulated and examined. The detailed 
investigations have pronp ted us to suggest the intermediacy of 
ketene and diketene in these reactions. V; ; 
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Chapter I, Part-B of the thesis deals with a shoi^t synthe- 
sis of the seven-membered monoterpene^ Karahanaenone (4 ) , an 
odoriferous constitituent of Japanese hop and Cypress oil. The 
key intermediate 1- (2 ' -hydroxypropyl) -<l.-methyl-3-cyclohexenol 
( 20 ) has been synthesi'^ed by the reductive coupling reaction of 
4-methyl- 3-cyclohexenone <^) and acetone^ mediated by low- valent 
titanium species generated by the reaction of titanium tetra- 
chlorida and amalgamated magnesium. The un symmetrical pinacol 
20 underwent a smooth molecular rearraiigomont witli boron tri fluo- 
ride etherato resulting in the ring expansion to yi(35ld Karahana- 
onone (4) , A new methodology has been dovelopod for the synthesis 
of the useful synthon, 4-methyl- S-cyclohoxonono (18), utilizing 
the mothoxyethoxymothyl (MEM) protective group. 

Studios directed towards the synthesis of the sox phero- 
mone of cigarette beetle ( Lasioderma serricomc F ,) forms the 
subject matter of Chapter XI, Part-A^ The inherent symn\etry poss- 
e s od by th e phe romon e , 4 , 6- d 1 methyl - 7 - hydroxy- 3-n on an on e ( 1 ) 
has been made use of, in devising the synthetic strategy* 1,3- 
Dimethy lindane (27) , an important intermediate in the synthesis, 
has been prepared from bensjonorbomadieno (^) in three simple 
steps. The synthesis of the hydrocarbon ^ has been achieved in 
six steps from 27 , which serves as the key intermediate in the 
synthesis. In the course of the synthetic efforts, a methodology 
has been developed for the c i s - hyd r ox vl ati on of olefins under 
anhydrous conditions using a stable and inexpensive reagent. 



cetyl trimethylaiTunonium pormangcinate. 


Chapter II, Part~B consists of our studies which culmina- 
ted in a simple one-pot a-bromoacetalization of carbonyl 
compounds* 'Ihe reaction of carbonyl compounds with phenyl tri- 
methyl ammonium tribromide (PTT) v/ith excess of ethylene glycol 
in tetrahydrofuran at room temperature, resulted in the br'omina- 
tion and acetalization in a single stejp in good yleld.s. The 
synthetic utility of the a-bromoacetals Vias been establisVied in 
the facile synthesis of cyclic 1, 3-diketones wViich are important 
synthons in organic synthesis* This transformation has been 
achieved very easily via the formation of olefinic acetals ^ 
by dohydrobromination, followed by oxymercuration-dornercuration 
to yield hydroxy acetals 43* The hydroxy acetals 43 have been 
oxidised to the ketoacetals (33, and subsequent Viydrolysis 

has yielded the cyclic 1, 3- dike tones/ and 19* 
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GI-IAPTER I 


(PART A) 


STUDIES IN REUVCTION MECHANISMS? FORMATION 
OP CYCLIC CARBONATES IN THE REACTION OF 
4-DIMETHYLAMINOPYRIDINE AND ACETIC 
ANHYDRIDE WITH 1, 2~DITERTIARY DIOLS 


I.A.l ABSTRAC T 

The reaction of 2, 3- cl i hydroxy- 2/ 3~ dimethyl butane with 
4-dimethyl aitiinopyridine (DMAP) and acetic anhydride (Ac^O) in 
equimolar amounts has been found to give rise to the cyclic 
carbonate# 2-oxo-4/ 4#5# IS-totrainethyl-l, 3-dloxGlane along with 
the normal acetylation products. The generality of the reaction 
has be €511 tested with a few othor X, 2-di tertiary diols such as 
1# l'-d± hydroxy bi cyclohexane# 1# I’-dihydroxybicyclopentan© and 
1- (2‘-hydroxypropYl) cyclohexanol. Based on the different 
products isolated in the reactions of these substrates with 
AC 2 O/DMAP/ reasonable mechanisms have beeai postulated and 
examined, A few tertiary alcohols under the same reaction 
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conditions were found to give acetoacetates in addition to 
simple' acetates. The detailed investigations have prompted us 
to suggest the intermediacy of ketene and diketene in these 
reactions. 


I. A. 2 INTRCOUCTXON 

Dimethylaminopyrldine DMAP) has been used as an 
effective and efficient catalyst in various types of reactions 
for t'he last fifteen years. ^ As early as 1967# Litvinenko and 
.Kirichenko found that DMAP resulted in an Qnorn)ous rate enhance- 
ment of lo"^ for the bensioylation of m- chi oroani line, when 

p 

corrpared to pyridine. Later in ^1969, Steglich and Hdfle 
described DMAP and 4-pyrrolicllnoipyrldine (2, PPY) as “super- 
lative acylation catalysts" based on their studies In the pre- 

3 

parative scale acylations of tertiary alcohols. 

Dimethylaminopyrldine can be obtained by reaction of 

4-chloropicolinic acid with diniGthylanillne followed by decar- 
4 

boxylation* But^for a technical scale preparation, the facile 

5 

transformation of 1- (4-pyridino)pyridinium dichlorido with 

6 7 

N,N -dime thy Iformaraidc is conveniently used. * 

The utility of dimethylaminopyxddine has become so wide 
that roviewing of the field exhaustively is a difficult task* 
Therefore, only some 1 irfp or t ant aspects of this versatile reagent 
will be accounted here. 



I .A, 2, la Acyl a ti on o £ A1 c oho 1 s 

Dimethyl ami nop yri dine has been extensively used for the 

acylation of alcohols/ especially of sterically hindered second- 

8 

ary and tertiary ones# where the conventional method using 
acetic anhydride and pyridine fails# Generally/ catalytic 
amount of DNLAP is sufficient for acylation reactions# But in 
the case of sterically hindered alcohols/ an equimolar eimount of 
an auxiliary base such as tri ethyl amine (TEA) or pyridine is 
neodod in order to bind the acid formed in the r'oaotion# A few 
examples of acylati.on of tertiary alcohols catalysed by DMAP 
(1) or PPY (2) are listed in Table 

It has been observed that acylation of alcohols such as i 

7. and Q, containing acid -labile functionalities/ can be easily . 

achieved in high yields under these rtd.ld conditions. In the 
acetylation of 8, dlmothylamlnopyridino acts both as the cata-^ 
lyst and the auxiliary base. The formation of t^rt- butyl Iso^ i 

butyrate and 1 so -propyX pivalate from 10 and respectively/ j 

indicate that despite the steric hindrance of the anhydride/ ! 

the catalytic effect of DMAP is large enough to be of prepara- j 
tive value# 

i 

■ i 

The dialkylandnopyridines 1 and 2 have also been used as 

catalysts for several formylation reactions using a mixture of 

' ' '■' 

formic acid and cicetic anhydrido# Thus the formyla'tion of 'I 

carbinol 4 has been carried out at low temperature Cat -30 ®C) /! 




Table -I .A, 1 (con-td.) 
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with a view to avoiding the decomposition of formic acid to 
carbon monoxide. It may be mentioned that under these controll- 
ed conditions, only mixed anhydride is generated in situ . 

However, anhydrides of dicarboxylic acids react witVi 

alcohols in the presence of catalytic amounts of DMAP(d,)or PPY* 

(2) to form the half esters which are useful for the resolution 

of racemates, ' " Tlva climothylarninopyridinQ catalysis has 

been extensively utilised for the acylation of stcrically hinder- 

ed hydroxyl groups in carbohydrates, ^ steroids ~ ' and 

21 

pros tag 1 andl n s . 

Tho enormous increase in the rate of acylation as woll as 

quantitative conversion of unhindred primary and secondary 

alcohols to their acylatod der'ivativos, v;ith DMAP catalysis has 

made its use quite attractive. Thus this method has been used for 

the quantitative detennination of hydroxyl groups in alcohols, 

2 ? 

pVienols, glycols and sugars. This technique has also been 

23 

employed in the assay of clindamycin palmitate hydrochloride, " 

Dime bhylaminopyri dine catalysed acylations are used in 
the nucleoside chemistry too* ' " Recently, it has been 
observed that DMAP increases the r’ate of intemucleotJ.de bond 
formation in 'the dl- and triester method of oligonucleotide 

synthesis. Deoxygenation of rlbonucleosicle to deoxyribo- 

27 "■ ■■ ' ' 

nucleoside has also been achieved using DMAP. 
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1 •A. 2. lb Acylation of Phenols 

It has been observed that 4~di alkyl aminopyri dines X and 

2 effect a comparable rate enhancement in the acylation of 

phenols, as in the case of alcohols. Interestingly, sterically 

11 

hindered phenols like mesitol, 2, 5-* dl tert- >butylphenol and 

28 

analogous compounds are smoothly transfomied to the acyl 

derivatives in high yields* Similarly, m-cresol can be carba*~ 

moylated -using dime thy Icarbamoyl chloride in rjuantitative yield 

eiTiploying catalytic amount of DMAP* ' It lias also been reported 

that 11, 12-dihydx-'oglaaiovine can be smoothly acyl a ted using this 
29 

procedure. Dimethyl ominopyridlne has been effectively vised 

in tho formylation of sterically hindered phenols whore tVie con«^ 

ventional methods such as Riemer-Tiomann, Gctttormann and Duff 

reactions fail. For example, acylation of 2, 5^ di tert -butvl>>* 

phenol can be achieved in very good yield using DMAP as cata- 
30 

lyst. It has also been found to facilitate greatly the traas^ 

31 

esterification reactions of o-nitrophenylcarhonates* 

X.A. 2.1g Acylation of Amine s 

Though the acylation of- amines have not bean investigated 
as extensively as those of alcohols and phenols, a few well 
studied examples are reported in the literature. For example, 
tho kinetics of tho benzoylatlon of m- chi oroani line has boon 
examined in detail in the presence of a wide rang© of amines 
and the bate constant for the catalysis has been found to follow 
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the l:ollovJin9 order? N,-N-Dime‘thylaniline CO, 10) ' ^ Tri ethyl amino 
(0,072)# 2/ C^Dimethylpyridine (0,03), Pyridine (1,80)# 4«-Mothyl- 
pyridine (10,0) and 4*-Dimethylaminopyridine (10/600), 

I • A, 2 . 2 Reactions of Isocyanates 

Isocyanates react with carboxylic acids to form anddes. 

This reaction is found to be strongly accelerated on replace**' 

ment of pyridine by DMAP as a catalyst. Thus phenyl isocyanate 

1 33 

reacts with phenylacetic acid to give the corresponding amide, ' 
Similarly# tho reactloUvS of trimethyl si lyl 6-isocyanatopQUCl lia- 
na be (j3) with D-N-benzoyloxycar'bonyl- 2-phenyl glycine (1^2) to 

give the ampicillin derivative are greatly facilitated by the 

33 

use of DtlAP as catalyst (Scheme I.A, 1), ' Aryl isocyanates are 

1 

found to trimerize on heating with DMAP in ethyl acetate. 


Dimethyl ami nopyridine has been used as an effective cata- 
lyst for alkylation reactions also, E'er example# trityl a ti on 
of a mixture of els - and trana - isomer:jof 4-tert-butylcyclo- 
hexanols 15 can be catalysed by DMAP to give the trans (equate- 

■ ' ' ■ ■ '•^4 

rial) - tert -butyl ether , 16 exclusively" as shown in Scheme I* A, 2, 
The high selectivity is attributed to the large steric require- 
ment of the allcylating agent which is trltyl-DMAP salt In this 
case* Similarly# selective tritylatlon of primary hydroxyl 
group over secondary hydroxyl group can be achieved using 



Scheme I-A-1 
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4-cIimethylaiTvino~l- tr±phenylmethylpyridiniiim chloride as the 

o r* 

alkylating agent. The tritylation of the a-methylglucoside 

34 

can be carried out easily using DMAP as the catalyst, 

I,A,2*4 Silylation Reactions Catalysed by DMAP 

Analogous to the acylation reactions/ DMAP has also been 
efficiently used as a catalyst for the silylation reactions. 

Thus/ a \inixture of silyl ether of primary and secondary alcohols 

n ^ 

is obtained using t er t^ butyld Ime thyl si 1 vl chloride. Similarly 

diols react with di terfi- ^butvldichlorosilane in acetonitrile in 

the presence of DMAP to give dl ter t> *butvl silylene derivatives 

which are stable towards Lewis acids and hence act as batter 

37 

protecting groups* 

I. A. 2*5 Esterifications and Lac t on i stations Catalysed by DMAP 

A superior method for the "exhaustive" esterification of 
carboxylic acids has emerged from tho efforts of several groups 
of workers. For example/ esterification of benaoic acid 
(18) bo phenyl benzoate (21) has been achieved successful3.y in 
qiaantitative yield (Sc homo I,A.3). This method has mer'it over 
the usual dicyclohexylcarbodiimide (DCC) esterification method/ 
in that the preparation of anhydride is not necessary. Xt also 
avoids the use of one equivalent of pyridine or triothylamine 
which results in the diversion of half of the carboxylic acid 
to byproduct. Alcohols and thiols can be esterlf lad using 
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40 

this method. Thus/ thioesters aro conveniently prepared by 

the reac ti on of acids wi th thi ol s and f 1 uoro- 2/4/6- trl ni t ro- 

4? 

benzene, " Alternatively, esterification can be aclueved 
through mixed trichlorobenzoic anhydrides and thiols in the 

4,0 

presence of DMAP, This mixed anhydride approach has provided 
an excellent method for the preparation of s tori c ally hindered 
esters and macrocyclic lactones^*^ (Scheme I, A, 4), Recently, 
esterification of carboxylic acids has been carried out under 
very mild conditions using mixed sulphpnic anhydrides of cax'boxy- 
lic acids and various alcohols using DMAP as catalyst (Scheme 
l.A.5).''^^ 

I, A* 2,6 Acylation of Enolates 

Dimethylaminox:)yridine5 catalyses the dimerization of 

46 

4-methyl-6-hydroxy-2-pyrone/ thereby offering a nev route to 

the couinarochromanonGs. The^ Dakin-'Wefjt reaction of N-acyX amino 

acids in which a 2-oxa«oli.n-6-one is acetylated at C-4 position 

with a carboxylic anhydride can be catalysed by DMAP or DMAP/ 

trl ethyl amine. The reaction proceeds smoothly and with an 

improved yield (Scheme X,A#6)/ ' Similarly/ glutamic acid 

yields a pyr roll done under Dakin-West reaction conditions in the 

47 " 

presence of a catalytic amount of DMAP, This raodification of 
the Dakin-Wast reaction has been utilized in the conversion of ■ 
N-acylamino acids to enamldes, Dimethylaminopyridine also 
catalyses the rearrangement of S-acylpxyoxazolos to 
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49 

4'-acYl-2-oxa2:olin~5'~ones or 2*-acyl-3«oxa5iolin. This rearrange 

ment, has been used as a synthetic tool for the preparation of 

5 0 

3, 3/ 3~tri£luoroaniline» Specific acylations at C~, 0- and 
N- sites have been achieved successfully using D^]AP as the 
catalyst. 


I » A, 2.7 4*-Dimethyiaminopyridinium Salts as Reagents for 
functional Group Transfer 

Dimethylominopyridine forms stable salts vith several 
compounds which serve as interesting reagents for the transfer 
of various fuhctional groups. Wakselman and Guibe ‘««Jampel have 
shown that tert» »butyloxycarbonyl>" 4-dime thy laminot^yri din jam 

chloride or fluoborate can bo used for the transfer of butoxy- 
carbonyl groups to amines and amino acicts.*^'^' Similarly the 
reaction of l-<cyano-4-di methyl ami nopyridinium perchlorc\te (^3) 
with cysteine gives rise to 2-lmd.nothia550lidinG‘-4‘-carboxylic 
acid ( 34 ) in quantitatdvo yield‘d ^ as outlined in Scheme I. A. 7. 
Sill'd. larly, transfer of phosphono group to aitanes has been 

i ' ^ 7 53 

achieved using N-phosphono« 4-dimethyl ami nopyridinium salts. * 
Selective N-tritylation of serine methyl v^s’ter (S^) has been 
accomplished by the use of N-trityl dimethyl aminopyridinium 
chloride (36) . Other salts of PMAP such as N^-tosyl and 
N-danayl derivatives ( 39 ) / react selectively with the tyrosine 
residues of proteins 33 in aqueous media to give O-arylsuIi^ho- 

59 '' -- 

nates 40. ‘ Similarly, tert-butoxydlmethylaminopyridinium 
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chloride has been used for N-blocl’cing in amino acids such as 

60 

glycine, glutamic acid# serine, lysine# ethyl glutamate etc* 

Dl'lAP is nowadays commonly employed as a catalyst in the 

6 X 63 

solid phase peptide syntheses also, 

X . A. 2 . 8 Mechanism of Acylation Regc-tions with DMAP 

It has been suggested that the acylation reactions using 
DMAP catalysis proceed through the intermediacy of l-^acetyl-i*- 
dimethyl aminqpyridinium acetate (41) , Hdfle has cited evidence 
for the presence of such an ion pair in solution by PMR studies* 
Based on these investigations, a mechanism for the acylation 
has been px'oposed, involving the initial attack of the higlily 
nucleophilic dimothylaminopyridine on the acylating agent, such 
as acetic anhydx'ide to form the 1- acetyl- 4-'dime thylaminopyrl- 
dinium acetate ( 4 1) (nucleophilic catalysis) as outlined in 
Scheme I. A. 8. Because of the charge delocalization, ^ will foe 
present as loosely bound ion pair, thus facilitating the attack 
of the nucleophile (R~0H) on the. activated acyl group* The 
neighbouring acetate anion causes an increase in the reaction 
x'at© by abstracting a proton from the nucleophile (general base 
catalyisis) > This mechanism also explains the superior'! ty of the 
carboxylic anhydrides for acylations over the corrospondlng 
acyl chlorides, wherein the ions are tightly bound and the 
chloride Ion is not that basic* 
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An alternatively suggested mechanism^ is that ^1 is not 
an intermediate but might be forming in a by-pass to the main 
mechanistic pathway. During the studies on the acetylation of 
ter^butanol Jampel ^ proposed a mechanism which 

involves the rate deteriT\ining nucleophilic attach of DMAP on a 
acetic anhydride- ter t - butanol complex ^£5 formed in a precquili- 
briunp giving rise to an ion pair solvated by tort- butanol as 
depicted in Scheme I. A, 9. Then this alcoViol which is in the 
close vicinity reacts rapidly with the carbonyl of the acetyl 
pyridlnium Ion to give the tort -butyl acetate (_^) . 

From a brief review of the literature on dimethyl ami no- 

pyridine catalysed reactions, it was found that the reactions 

of 1 , 2- d i t e r ti a ry di ol s' a t high or c one eii t r a’ti on of dime th yl- 

aminopyridine- acetic anhydride have not boon studied. This 

would bo particularly interesting since there is an early report 

of the formation of acetoacotates during tho attempted acylation 

of 17-a-*hydroxy ste.roida with oxcosa of acetic anhydride and 

X ' 

D^^AP in pyridine.’ This observation prompted us to study in 
detail the mode of reaction of pinacols under similar concllttona 
employing higher concantration of 4-di methyl aminopyridine and 
acetic anhydride. 
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X . A • 3 RESULTS AND DISCUSSION 

The objective of the present investigation has been to 

study the reaction of 1, 2->di tertiary diols with the versatile 

acylation reagent, acetic anhydride and dimethyl ami nopyridine 

at high concentrations# With a view to examining the behaviour 

of pinacols under such reaction conditl-onsi, we treated the 

representative substrate, 2, 3- di hydroxy- 2^ 3-dimethylbutane ( 48 ) 

with DIvJAP (1 equivalent) and acetic anhydride (2# 2 equivalents) 

at ca. 85 for 3 h, A colourless crystalline compound ^ was 

isolated as the major product (51?4) , m.p# 179-180 The XR 

spectrum of the compound ^ showed a strong absorption at 1790 
-1 

cnr" charac tori Stic of a five membered cyclic carbonate. Tho PMR 
spectruiT\ of ^ showed a sharp singlet at 6 1*3 wViich can be 
assigned to the methyl group protons (Fig. I.A. 1). The mass 
spectrum showed a molecular ion pealc at m/e 144. Interestingly 
all these data fit in very well with the structure of the cyclic 
carbonate/ 2-oxo-4/ 4 / 5 , 5-tetramothyl'-l, 3-dloxolano (49.) . The 
other products Isolated in the reaction were 2- acetoxy- 3-hydroxy- 
2, 3-dimethylbutanc ( 5Q , 26%) , and 2, 3-dlaCGtoxy-2/ S-dimethyl- 
butane ( 51 , 17%), ni.p# 64'»65 ®C (lit, m.p. 65®C)/ along with 
a small amount of unchanged starting meiterial 48 (Scheme X , A. 10) ♦ 
Acetone wa,s also found to be formed as a byproduct in the reac- 
tion (2/ 4-dinitrophenylhydrazone, nup# 127-128®C . The IR 

spectrum of the monoacetate 50 shov/ed absorpti ons at 347 0 cm 
characteristic of a hydroxyl group and at 1735 cm corresponding 
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to an ester carbonyl group. The PMR spectrum showed two singlets 
at 61.3 (6H) and 1.4 (6H) for the two sets of ^em-dimethyl 
groups and another singlet at 61.95 (3H) corresponding to the 
methyl protons of the acetate groux>. The hydroxyl proton appear- 
ed at 6 3.26 (1H) which was D^O exchangeeible . The mass spectrum 

4 " 

shov7ed a peak at m/e 145 (M -CH.) . The IR spectrum of the 

j 

di acetate ^ showed a strong ester carbonyl absorption at 1730 
- 1 

cm . The PMR spectrum of ^ indicated the i:>resonGe of two 
singlets at 61.3 (12H) and 2.0 (6H) assigned to the methyl 
protons. 

Xn order to exainine the generality of tho above reaction/ 

1/ 2~di tertiary dlols such as 1/ 1' -dihydroxyfoicyclohexano ( 5 2 ) 

and 1/ I'-dibydroxybicyclopentanG (6JL) have been studied. Those j 

substrates were prepared by the reductive coupling of the corres- 

67 ' 

ponding carbonyl compounds/ employing low- valent titanium species. 

Treatment of pinacol 5^ with 4- di methyl aJtiinopyridlne (1# ; 

1 equivalent) and acetic anhydride (2.2 equivalents) at ca . 85 
for 4 h/ gave a mixture of products (Scheme I. A, 11). The crude 
product was chromatographed over silica gol. Elution of the 
column with ethei>.petroleum ether (1;9) gave a 15% yield of j 

2-acetonylidene-4/ S-bisCcyclohexyl) -1/ 3>*-dioxolane (54) , a 21% ] 

yield of 2- 0x0-4 / S'^bis (cyclohexyl )«l/ 3-dloxolane ( 53 ) / in.p. 17B- 
179 ®C / a 17% yield of l-acetoaGetyloxy-l‘ -hydroxy-1/ l‘ -bicyclo- . 
hexane (55) > along with the recovered starting material 52 . The 
a# i5run saturated ketone 54 showed strong f luoroscGnce under the 
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UV light source. The IR spectrum showed a strong absorption 

-1 

at 1680 cm characteristic of a conjugated carbonyl group and 

-1 

at 1640 cm indicating the presence of a double bond of an enol 
ether. The PMR spectrum showed a rrultiplet centred at 6 1.5 
(20 h) due to the methylene protons. In addi tion, a singlet at 
^2,2^ (3H) assigned to the methyl protons and yet another singlet 
at 4.8 (IH) appeared in the spectrum due to the vinylic proton 
(Fig, I, A. 2). The mass spectrum showed a molecular ion peak 
at m/e 264, Some of the important fragmentation modes of the 
molecular- ion have been shovm in Scheme X, A, 12. The conpound 
gave a strong IK absorption at 1780 cm characteristic of a 
cyclic carbonate. The PMR spectrum of ^ showed a multiplet 
centred at 6 1.6 due to the methylene protons (Fig. I, A, 3), The 
mass spectrum indicated a molecular ion peak at m/e 224 and a 
peak at m/e 180 (M >^44) arising from the loss of carbon dioxide 
characteristic of the cyclic carbonates* Some of the x^x^ominent 
fragmentation inodes have been given in Scheme 1, A, 13, The 
comp ound 5^ had strong X R ab so ip tl on s at 3 4 40 cm ch ar ac te ri s- 
tic of the hydroxyl groups and at 1730 and 1700 cm correspond*^ 
ing to' the ester and the koto groups, respectively. The PMR 
spectruvn gave a mul'tiplet centred at 61,49 (20 H) due to the 
methylene protons# a singl et at 2 • 25 ( 3H) assigned to the methyl 
protons and another singlet at 3,5 (2H) corresponding to the 
mo thy lone protons. The hydroxyl protons appeared at 6 4*18 (IH# 
exchangeable):, (Fig, I* A, 4) 
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The monoacetoaceta-be 5^ was thermally labile and when a 

gas chromatographic analysis on a SE!-30 column at 120®C was 

attempted/ it seemed to decompose giving rise to five different 

conngpohents, A GC-MS analysis gave positive evidence to the 

structure of the components being formed and indicated the 

4* 

presence of 1, 1 ‘-bicyclohexene (56# M =162)/ l-hydroxycyclo- 

hexyl- 1 ' -cyclohexene M = 180) / 1 / 1 ’ -dihydroxybi cyclohexane 

*{■ 

(58 / M =198)/ 2- 0 X 0 - 4 / 5-^bi s (cyclohexyl ) - 2 , 3-di oxol ane (_^9 / 

M -44 =180) and 2-acetonylidene-l/ 5-bis (cyclohexYl)***!/ 3*-dioxolanG 
(60/ M = 264) * The mass spectrum of ^ showed a peak at m/e 264 




4. ■ . 

(M -18) • Other fragmentation modes of the molecular ion are 
shown in Scheme I ,A> 14# The reaction of 52 with Ac^G/DMAP was 
also found' to give acetone as a byproduct (aharacterised as the 
2 / 4-dini trophenylhydra25one) • 
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On the other hand, trea-tment of 1, 1 * *-dihydroxybicyclo- 
pentaiie (6JL) v/ith 4-dimethyl aminopyridine and acetic anhydride 
under analogous conditions gave a brovm liquid 'which upon flash 
chromatography yielded 24% of 2-oxo-4, 5-bis (cyclopentyl) - 
1, 3-dioxolane (62 ) . m.p. 69-90®C, 32% of 1, 1 ‘-diacetoxy-l, 1 ‘ - 
bicyclopentane (^) / 16% of 2- acetonyl~2-hydroxy~ 4# 5- bis (cyclo- 
pentyl) -1, 3-dioxolane (^) and a small amount of unchanged 
pinacol ^61 (Scheme I, A. 15). Acetone was also found to fom in 
this reaction. 

The IR spectrum of the cyclic carbonate ^ showed a strong 

-I 

absorption at 1780 cm characteristic of the cyclic carbonate. 
The PMR sroctrum indicated the presence of a multi plot centred 
at 61.9 due to the methylene protons (Pig. I. A. 5). The mass 
spectrum gave a molecular ion peak at m/e 196 and a peak at 
m/e 152 (M^-.44) due to the loss of carbon dioxide^ characteristic 
of the cyclic carbonates. The di acetate 63 showed an absorption 
at 1730 cm"" iti the I R spectrum# typical of the ester carbonyl 
group. The PMR spectrum of 63 showed a multiplet centred at 
61.62 (16H), assigned to tho mothylonc protons and a sharp 
singlet at 2.04 (6H) cGrrevSPonding to the methyl group protons. 
The monoacetoacetate 64 indicated two carbonyl absOj:p>tions in 
the IR spectrum at 17 05 and 17 35 cm charac teristic of keto 
and ester functionalities respectively. The hydroxyl group 
absorption appeared at 341 5 cm . The PMR spectrum of 64 showed 
a multiplet centred at 6 1.7 (16H) due to the methylene protons.^* 
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The methyl and the methylene protons appeared together as a 
singlet at 2.08 (5H) . The spectrLxm also showed a singlet at 
4.33 (1H) due to the hydroxyl group proton exchangeable) 

(Pig. 1 , A . 6 ) * The mass spec trum showed a mol ec ul ar i on p eak 
at m/e 254. The monoacetoacetate 64 on standing for a long 
time or on v/arming, resulted in the formation of the carbonate 62 

The similarity in the behaviour of the symmetrical pinacols 

4£# ^ and 61 towards acetic anhydride and 4-*dimebhylaminopyri-' 

dino/ prompted us to examine the behaviour of an unsymmetrical 

pinacol, 1- (2'~*hydroxypropyl)cyciohQxanol (65) under analogous 

conditions. As expected# the reaction of ^ with acetic 

anhydride and DMAP also gave a mixture of products which was 

purified by flash chromatography (Scheme I.A. 16). Elution of 

the column with ether-petroleum ether (1:19) gave a 17?^ yield 

of 1- (2 ‘-ace toxypropyl) cyclohexyl acetate^ (^) which showed a 

-1 

strong IR absorption at 1735 cm characteristic of the ester 
carbonyl group. The PMR spectrum showed a singlet at 6 1. 09 (6H) 
due to the gem - dimethyl group protons# a nuiltiplat centred at 

l, 3 (10 H) duo to the methylene protons and a singlet at 1,53 
(6H) assigned to the methyl protons of the acetate moieties# 

The mass spectrum showed a peak at m/e 182 (M -CH^COOH) . Further 
elution of -the column with ether-petroleum ether (Is 9) afforded 
2-oxo-4-cyclohexyl-5# 5-dimethyl-l, 3-dioxoIane (^6/ 349^)# 

m. p, 112-il2,5^C r The IR spectrum showed a strong absorption 
at 1780 cm characteristic of the carbonyl group of cyclic 
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carbonate, TVie PMR spectrum showed a singlet at 61,36 (6H) 

assigned to the protons of the dimethyl group and a broad 

multiplet centred at 1.74 (10 H) due to the methylene protoovS 

(Fig. I. A. 7), The mass spectrum indicated a molecular ion peak 

at m/e 184 and a peak at m/e 140 (M -44) which is arising due 

to the loss of carbon dioxide. Continued elution of the column 

with ether-petroleum other (1:9) gave a 26 % yield of 2-acotonyl- 

2-hydroxy- 4-cyclohexyl- 5, 5-dimethyl-l/ S-dioxolanc (68) . The 

compound showed the IR absorptions at 3440 enf due to the 

— j 

hydroxyl group and at 17 35 and 1710 cm ' characteristic of the 
ester and the ketone functionalities/ reapectively. The F.MR 
spectrum showed a multiplet centred at 61.4 (10 H) due to 
the methylene protons/ a singlet at 1,53 (6H) assigned to the 
gem - dimethyl groupsv a singlet at 2,01 {3H) corresponding to the 
methyl protons and a singlet at 2,23 (2H) corresponding to the 
methylene protons. The hydroxyl group i^roton indicated a singlet 
at 6 2,92 (IH) which was exchangeable (^Ig, I,A,0). 

In all the cases of 1, 2-di tertiary alcohols studied, it 
has been observed that apart from a small amount of normal 
acetylation products, the cyclic carbonates and the monoacoto- 
acetates are the major reaction products* d?he formation of 
acetone in these reactions should also bo noted# The formation 
of the rather unusual iDr'oduct, the cyclic carbonate, needed a 
mechanistic probing. 










Fig. l-A-8 H NMR spectrum (60 MHz 
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6S 68 

The cyclic carbonates are 'knoim. in the literature ' 

and are prepared by either the ester interchange between the 

diol and diethyl carbonate in the presence of a catalytic 

6 9 

amount of dry sodium methoxide or by the reaction of phosgene . 
with diols in the presence of antipyrene. The isolation of 
monoacetoacetates _64 and ^ in the reactions of 1^2-di ter- 
tiary diols studied, coupled with the fact that the monoaceto- 
acetates were transformed into cyclic carbonates upon heating, 
suggest that the formation of cyclic carbonates might proceed 
via the corresponding monoacetoacetates. In analogy with the 
well known mechanism of the decarboxylation of acetoacetic acid, 

the formation of cyclic carbonate and acetone could be visualized 

71 

from the cyclic form of the monoaceto acetate, which seem to 

exist in equilibrium with the monoacetoacetate (Scheme I. A. 17). 

This is further supported by the; fact that the cyclic carbonates 

have been obtained in the transesterification reaction of ethyl* 

acetoacetate and 1, 2-di tertiary diols in , the presence of':a base 

12 

such as sodium methoxide. , This was independently confirmed 
by us when cyclic carbonate ^ waS' isolated in 50% yield 'in the 
reaction of pinacol 48 with ethyl acetoacetate at ca. 140®C in 
the presence of anhydrous sodium acetate. When the preparation 
of monoacetoacetate ■ ".of ■, pinacol ■:48' was ,■ attempted ■■ employing one . 
mole of diketene, using catalytic amount of anhydrous sodium 
acetate .in ref luxing ■ benzene for 4 h, 2,3*dimethyl-butane-2,'3- 
di acetoacetate ■ (74) , m.p. . 135®C '(lit. ,■ .135®C),' was the,o.nly., 
'product obtained. ■ . In /this "'connection, we came across an'.. 
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Scheme I ■ A - 17 
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Interesting transformation, reported in the literature, of the 

diacetoacetate 7J: to give 2, 3~«dimethyl«2*-hepten-6-one , 

73 

upon base treatment. In the absence of any proposed mecha- 
nism by the authors, we presume that the transformation occurs 
probably through a [3,3] sigmatropic rearrangemont as depicted 
in Scheme I, A, 18, 

As mentioned earlier, the monoaoetoacetates exist in ecfuili 
brium with their cyclic form (60 — ^ 70) , The hydroxyl and the 
ketone absorptions in the IR spectra of monoace tone ©bates further 

support this fact. The mass spectra of the monoucetoacetates 

+ 

show a fragment with m/e (M -18) indicating that dehydration is 
an imx:)ortanc mode of fragmentation, which in turn cein occur 
ea,sily from the eye Used form of the rnonoacetoacetates, Isola'tion 
of the a, i3-un saturated carbonyl compound ^ in the x'eaction of 
pinacol ^ with Ac^O/DMAP, further supports the fact, that an 
equilibrium does exist between the open chain and the cyclised 
form of the monoacatoacetcites. The compound ^ can be formed 
by the dehydration of the cyclic orthoostor* Based on all these 
Gxparimental evidoncos, different mechanistic pathways may bo 
proposed for the cyclic orthoestor formcitioh* 

Before dealing with the proposed mechanisms, it is worth- 
while to give a few introductory remarks about the i- acyl salts 
of 4~dimethylaiminopyridine* It has been observed that in 
mixtures of apetic anhydride and DiyJAP^ appreciable <^an titles of 
1- ac 0 tyl - 4- dime thylamin opyri din ium ace tat© ; (41 ) c ould be 
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detected even in CDCl^ and CD^Cl^ by lowering the temperature 

1 

by PMR analysis. Though the presence of 4-dimethyl amino group 
is accompanied by the pronounced reduction of the carbonyl 
activation due to the mesomoric stabilization, it is more than 
compensated by the greater availability of the cation in the 
ion pair, v/hich facilitates thcj attach of an external nuclcophilG. 
Thus DMAP could bo looked upon as the "catalytic support" for the 
electrophiles (nucleophilic catalysis). At tho same time the 
acGtato ion which is in the vicinity of tho cation can causo an 
iiicreaso in the reaction rate by abstracting a proton from the 
nucleophile (general base catalysis)^ 

The "i^ath A" (Scheme I, A, 19) utilizes the well established 
1 

species 41 to form the monoacetate 79 which can cycliae to give 

the orthoacetate This mode of cyclization has been demons^ 

trated earlier by Hine et in the case of monotrifluoro- 

74 

acetate of pinacol 48, The cyclic orthoacetate S2, on dehydra- 
tion can give rise to the Jeetene cyclic acetal 81, which may 
react with 41 leading to the formation of. 70 in the presence of 
an equivalent amount of water. 

An alternative mode ("path B") for the formation of mono- 
ace tatoacetate 6^ involves the intertnediacy of ketene (Scheme - 
I . A, 2 0 ) which in turn can come from 1-^ acetyl - 4- dimethyl ami no- 
pyridinium acetate ( 41 ) , The ketene may react with the species 
41 to give the 1- ace to acetyl- 4-dime thylaminbpyridiniUTn acetate 
(86) V The pinacol 78 on reaction with one equivalent of 86’ 
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can give rise to the monoacetoacetate 6^9* 

Yet another pathway ("path C") to rationalise the unusual 
products formed in the reaction of 1, 2-di tertiary diols with 
acetic anhydx'ide and DMAP at high concentration, would be via 
the intermediacy of diketene 81 ^ obtained from the dimerization 
of ketene which in turn can come from 1- acetyl- 4«" dimethyl amino- 
pyridinium acetate (41) , The pinacol 78 on reaction with 
diketene can form the monoacetoacetate 69 (ScVieme I. A. 20). 

In order to test the validity of the mechanisms proposed, 

experiments wer*© carried out with the ketenc cyclic acetals 89 

and 93; (Scheme I*A,21). The compound 2-methyleno«4,4,5/5-betra- 

methyl- 1/ 3- dioxolane (89) was prepared by the dehydrobrorni- 

nation of 2-bromomethyl-4, 4, 5,5-tetramethyl~l, 3-dioxolanG (88) 

75 76 

using potassium tertiary butoxide. * The compound 88 was in 

turn prepared from the transesterification reaction of bromo- 

77 

acetaldehyde diethyl acetal and pinacol ^ in the presenco of 
a catalytic amount of p- toluenes ulphonic acid. When 89 v/as 
treated with acetic anhydride and DMAP at 80^C for followed 

by the addition of an equivalent amount of water, two products 
were obtained. Similarly when the reaction was carried out in 
di chi orome thane at room temperature, identical products were 
obtained. One of the products was identified as the pinacol 
monoacetate 50 based on the spectral data* The other product 
90, m.p. 1 11-112 ®C was identified as dehydroacetic acid based 
on PMR and mass spectral data* This coitpound did not: depress 
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the melting point of an authentic dehydroace tic acid in mixture 

melting point determination* In contrast, when 1, 5-.dihydro-3*- 

78 

mothyleno-2, 4-benzodioxepin (j^) ’ was treated with acetic 

anhydride and DMAP, a 56% yield of the corresponding diacetate 

79 

94 was the only product isolated, m*p. 35 ®C, (mixture m*p* 

35 °C) , The formation of the acetylation pr'oducts obtained in 
the two cases of Xetene cyclic acetals studied could foo rational 
Used in terms of the greater reactivity of the primary hydroxyl 
group relative to the tertiary hydroxyl group (Scheme I .A, 21). 

Thus "path A“ involving the ketene cyclic acetal 81 as 
an intermediate in the formation of monoacetoacetate 70 could 
be safely ruled out since neither the monoacetoacetate 7£ nor 
the products derived from it could be isolated in the reaction 
of authentic ketene acetal 81 under the same reaction conditions 

ij«^' i^yi 

The isolation of dehydroacetic acid (90) as ono of the products 
could possibly be explained by invoking 'ketene’ as an intor-^ 
mediate, as visualised in ’’path B*' or "i:tath C“. Kotano dimeri- 
zation to diketene and dikctenei dimerization to dehydroacetic 

80 

acid under basic conditions arc well documented in literature. 

The mechanistic pathway ‘B* invokes the intermediacy of 
l-acQtoacetYl-4-dimethylaminopyridinium salt 86 presumed to be 
formed by the reaction of ketene and 1- acetyl- 4-dimethyl ami no- 
pyridinium salt 41* To test this hypothesiwS, ketene gener-ated 
independently through a ketene generator was passed Into a 

82 ' 

solution of l-acetyl-4-dimethylaminopyridinium chloride (4la) ' 
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in dichloromethane in the presence of a catalytic aniount of 
DMAP at room temperature. After stirring for O.S h^tlie solvent 
was removed and the residue was thoroughly washed with ether- 
petroleum ether (1:1) to remove the excess 3<cetene. T3ie PMR 
spectrum of tliis red residue did not shov/ the formation of 
l-acetoacGtyl-4-dimethyiaminopYridinium chloride (86a) » In 
order to rule out the possibility of “path B” totally; 1-methyl- 
cyclohexanol (^) was treated with a solution of tViis rod 
residue in dichloromo thane in the presonce of a catalytic 
amount of DMAP, However# no reaction occurred and the tertiary 
alcohol was recoverod unchanged quantitatively along with a 
small amount of dehydroacetic acid (^) . If “path B“ were to 
opera to# we would have obtained atlea.st some of the 1-methyl- 
cyclohexyl acotoacetate (96) , The dehydroace tic acid (9^) got 
in this reaction could have come from polymerization of kebene. 

The isolation of dehyd rose otic acid (90) in the reaction 
of Ac^O/DMAP with "kotene cyclic acetal 89 led us to thinly that 
the dlketene# precursor to ,90 might have come from acetic 
anhydride and DMAP# according to our proposed moahanistic 
pathway ’C’, With a view to confi inning this^ acetic anhydride 
and 4-dimethylaiainopyridinc were mixed in equivalent amounts 
and left to stand at room tempera ture for two days • The regular 
work up gave a reddish brown liquid# from which dehydroacetic . 
acid (90')was obtained as the only isolablo product. 
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In order to substantiate the intermediacy of diketene 

in these reactions/ l-methylcyclohexanol (3) was treated with 

acetic anhydride (2*2 equivalents ) and 4--dimethylaminopyrldine 

(1 equivalent) / in the absence of solvent at 85 for 4 h, 

which afforded l-methylcyclohexyl' acetate (95) and l~methylcyclo 

hexyl acotoacetate (96) in the ratio of 10:3,1/ along with a 

small amount of unchanged starting material 3 * The acetate 95 

-1 

shov/ed an ester carbonyl absorption at 1735 cm in the IR 

spectrum. The PMR spectrum indicated a multiple t cehtrod at 

6 1.5 (13H) due to the methyl and the methylene proton and a 

singlet at 2.06 (3H) assigned to the mv^ithyl protons. The struc’- 

ture was further confirmed by preparing the authentic acetate 

3 

by the reported procedure and comparing the IR and tho PMR 

spectra. Tho acetoacetate £6 showed IR absorptions at 1710 and 
-1 

1735 cm / characteristic of the keto and the ester groups/ 
respectively. The PMR spectrum indicated a multiple t centred 
at 61,41 (13H) corresponding to tho methyl and the methylene 
protons/ a singlot at 2* 33 (3H) due to the methyl protons and 
anothor* singlet at 3,42 (2H) which con be assigned to the 
methyl one protons (Pig, I, A. 9), The mass spectrum showed a 
molecular ion peak at m/e 198, The identical spectra obtained 
for 96 and that prepared by tho reaction of ^ with diketene 
proves the structural assignment beyond doubt. The formation of 
acetoacetate £6 can be explained only through the intermediacy 
of diketene in;: the reaction and acetate might have been formed 



49 


In order to substantiate the intermediacy of diketene 

in these reactions/ l-methylcyclohexanol (3) was treated with 

acetic anhydride (2*2 equivalents ) and 4--dimethylaminopyrldine 

(1 equivalent) / in the absence of solvent at 85 for 4 h, 

which afforded l-methylcyclohexyl' acetate (95) and l~methylcyclo 

hexyl acotoacetate (96) in the ratio of 10:3,1/ along with a 

small amount of unchanged starting material 3 * The acetate 95 

-1 

shov/ed an ester carbonyl absorption at 1735 cm in the IR 

spectrum. The PMR spectrum indicated a multiple t cehtrod at 

6 1.5 (13H) due to the methyl and the methylene proton and a 

singlet at 2.06 (3H) assigned to the mv^ithyl protons. The struc’- 

ture was further confirmed by preparing the authentic acetate 

3 

by the reported procedure and comparing the IR and tho PMR 

spectra. Tho acetoacetate £6 showed IR absorptions at 1710 and 
-1 

1735 cm / characteristic of the keto and the ester groups/ 
respectively. The PMR spectrum indicated a multiple t centred 
at 61,41 (13H) corresponding to tho methyl and the methylene 
protons/ a singlot at 2* 33 (3H) due to the methyl protons and 
anothor* singlet at 3,42 (2H) which con be assigned to the 
methyl one protons (Pig, I, A. 9), The mass spectrum showed a 
molecular ion peak at m/e 198, The identical spectra obtained 
for 96 and that prepared by tho reaction of ^ with diketene 
proves the structural assignment beyond doubt. The formation of 
acetoacetate £6 can be explained only through the intermediacy 
of diketene in;: the reaction and acetate might have been formed 




Figv;!*A‘9 spectrum (TOO MHz) of 96 




5X 


from the reaction of alcohol 3 with ketene oi' through the 
nucleophilic attack of the alcohol 3 on the species In 

order to examine the generality of the reaction with the 
tertiary alcohols/ experiments were carried out with other carbi- 
nols such as 2-phenylpropan-~ 2~ol (97) and 1/ 1-diphenyl ethanol 
( 100 ) . 

When 97 v/as treated v/ith acetic anhydride and DMAP at 

ca. 85®C for 4 h, a mixture of products was obtained (Scheme 

I. A* 22)* Purification of the crude product by flash chroma tOr* 

graphy yielded 2-acetoxy-2-phenylpropanG (98) and 2-acetoacetoxy- 

2-phenylpropane (92.) in the ratio of 2, 2:1, The acetate 98 

— 1 

showed an IR absorption at 1735 cm characteristic of the ester 
carbonyl group. The PMR spectrum indicated a singlet at 61.65 
(6H) assigned to the methyl group protonS/ a singlet at 1.80 (3H) 
due to the methyl protons and a broad laultiplet centred at 7.25 
(5H) corresponding to the aromatic protons. The mass specbrum 
showed a peak at m/e 118 (m^-Ch^COOH) , The structure of the 
acetate was further confirmed by making an atithentic sataple by 

3 

the reported procedure and comparing the IR and the PMR spectra* 

The acetoacetate 99 showed strong IR absorptions at 1715 and 
1740 cm / characteristic of the keto and the ester groups. The 
PMR spectrum showed a singlet at 6 1.84 (6H) due to the methyl 
group protons/ a singlet at 2.26 (3H) for the methyl protons/ a 
singlet at 3.45 {2H) assigned to tho methylene protons and a 
multlplet at 7.43 (5H) due to the aromatic protons (Fi‘g.^X,A. iO) * Tlie 
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mass spectmom gave a molecular ion peak at m/e 220, The £o.rma~ 
tj,on of the acetoacetate was further confirmed by preparing an 
authentic sample by reacting the alcohol 97 with diketene 
and comparing the IR and the PMR spectra. 

However, when X, l-diphenylethanol ( IQO ) was treated with 

acetic anhydride and dimothylominopyridino under analogous 

condi tions, 1, l-diphenylethyl acetate (101) und 1, 1- diphenyl^ 

ethylene (102) were obtained in 46% and 52% yield, x-ospoctively. 

The IR spectrum of acetate 101 showed absorption at 1740 

characteristic of the ester carbonyl group. The PMR spectrun^ 

showed a singlet at 5 2,09 (3H) due to the methyl group protons, 

a singlet at 2,19 (3H) assigned to the methyl protons and 

another singlet at 7,2 (10 h) cor’rc spending to the aromatic 

protons. The spectral data of the acetate 101 were idontlcal 

83 

with that reported in the literature. The IR spectrum of the 

-1 

olefin 102 showed absorptions at 1600 and 1660 cm characteris- 
tic of the carbon-carbon double bond. The PMR spectrum showed 
a singlet at 65,39 (2H) assigned to the olefinic protons and 
a singlet at 7*23 (10 H) due to the aromatic protons. The 
structure was further confirmed by comparison with the spectra 
of authentic 1, l-diphenylethyleno. The olefin 102 possibly 

might have come from the elimination reaction of tha; aceto- 
acetate 103,®'^^ 

The formation of acetoacetates' In the case of tertiary 
alcohols p ro vi de s s trpn g evidence for the in te rmedlacy of 
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85 

diketene in such reactions. Recent report on the tri ethyl- 
amine catalysed Perkin reaction, where ketene intermediate has 
been proposed is in good agreement with our di ketene mechanism 
(Schtsme I. A. 23) * 


(GH3CO) 2O + mt^ 


Scheme 1,A*23 
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108 


With a view to exaimlning the generality of the reaction 
wi th the anhyd ri de s , the pin ac ol ^ was tr eaited wi th 4- di me thyl - 
aminopyridine and propionic anhydride. Interestingly, a mixture 
of tv/o products was obtained (Scheme I, A, 24) , The crude product 
upon flash chromatography yielded 72,0% of monopropionate 109 
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Scheme 1«A»24 
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*-.1 

wViich sV^iowed an ester carbonyl absorption at 17 30 cm in tlie 

IR spectrum* The PMR spectrura showed a triplet at 6 1*06 (3H, 

J -7*5 Hz) due to the methyl protons/ a singlet at 1,1 ( 6 H) 

assigned to the 9 em »dlrae thyl group protons and another singlet 

at 1.4 ( 6 H) assigned to the other gom ^^dlmethyl group protons. 

The methylene protons showed a quartet at 2.23 (2H, J~7.5 Hz). 

The hydroxyl proton appeared as a singlet at 2.9 (IH) which 'Was 

D,p0 exchangeable. The minor product 1,10 (15?^) showed IR 

*-.1 

absorptions at 1710 and 17 35 cm characteristic of the keto 
and ester carbonyl groups. The PMR spectrum showed a triplet 
at 6 1.03 (3H/ J=7.5 Hz) du(?, to the methyl proton s, a singlet 
at 1,1 ( 6 H) due to the gem - dimethyl protons and a doublet at 
1.27 (3H, J = 6 Hz) assigned to the methyl protons- A singlet 
was traced at 6 1,45 ( 6 H) due to the gem >*dimethvl group protons^ 
a quartet at 2.47 ( 2 H^ J=:7.5 Hz) assigned to the methylene 
protons and yet another quartet at 3.35 (IH, J =6 Hz) corres- 
ponding to the methino proton (Fig. I. A* 11). Tho spectral data 
were consistent wi.th the compound that would have bean obtained 
if pinacol ^ wore ' to react with one mole of methyl ketone dimer. 

Encouraged by this result, a reaction v;as carried out with 
propionic anhydride and DHAP under identical conditions/ with 
l-methylcycl ohexanol (3) . As anticipated/ ax mixture of two 
products in the ratio of 2.8; 1 was obtained (SeVaeme, I.A, 24) . . 

The crude product upon flash chroma tog raphy afforded a 75,0% 
yield of 1-methylcyclohexyl propionate (Id^)/ With the 
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-1 

characteristic IR absorption at 1730 cm , typical of the ester 
carbonyl group* The PMR spectrum of 111 showed a triplet due 
to the methyl groui^ i^rotons at 61.1 (3H, J ==7 Hz), a broad 
singlet at 1.43 (13H) assigned to the methyl and the methylene 
protons and a quartet at 2*23 (2H, J =7 Hz), due to the methy- 
lene protons. The minor product 112 was obtained in 21% yield- 

The IR spectaaim of llj2 showed strong absorptions at 1710 and 
-1 

1730 cm / characteristic of keto eind ester carbonyl groups, 
respectively. The PMR spectrum showed a triplet at 6 1.1 (3H, 

J - 6 Hz), due to the methyl protons, a doublet at 1,3 (3H, 
iJ = 6 Hz), due to the methyl group protons, a broad singlet at 
1.5 (13H) assigned to the methyl and the methylene protons. A 
quartet was indicated at 2.5 J ="6 Hz), due to the methyl eng 

protons and yet another quartet at 3.37 (IH, j s= 6 Hz), assigned 
to the mothlne proton (Fig. I. A, 12). All those data fit in well 
with tho compound that would have been formed if l-mothylcyclo« 
hexanol (3) wore to react with the methylkotene dimer. 

In contrast to the reaction of pinacol 48 with acetic 
anhydride and DI4AP, no cyclic carbonate was isolated in tho 
reaction with propionic anhydride and DMAP. This only suggests 
that the cyclization of 110. to give the , or tho ester may be 
difficult in the latter case, which is necessary for the forma-* 
tion of carbonate. 

In our e^erimentvS with 1- acetyl-* 4-dimethyl aminopyridinium 
chloride (41 a) some interesting observations were made during 
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Fig. I-A-12 NMR spectrum (90 MHz) of 112. 
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PMR s'tudies# When l~-acetyl-4’~dimethyIaminopyridlnium chloride 
(41a) was dissolved in GDCl^ and hhe PMR was recorded imme- 
diately/ two equal intensity signals were obtained at 6 2#0 and 
2.2, The intensity of the higher field signal continued to 
increase and the other continued to decrease as the time lapsed. 
The PMR taken after 2 h showed only one signal at 62.0* The 
other signals in the spectrum were a singlet at 63,15 (6M) due 
to the methyl protons and two doublets at 6,6 (2H) and 8.15 (2H) 
assigned to the aromatic pr*otons. Another intero sting feature 
observed in the PMR spectrum was tho continuous shifting of a 
signal to downfield which originally appeared at 69,2. The 
signal seemed to rest at 616,0 when the PMR was repeated after 
24 h (Pig. I. A. 13) , 

These observations could be rationalised on the assumption 
that l-aGetyl-4-dimethylaminopyridinium chloride (^a) slowly 
decomposes in solution giving rise to ketene and hydrogen 
chloride. The absorption in the PMR spectrum at 62,0 might be 
due to the protons of kotene and that at 62,2 due to the methyl 
group of the N-acetyl moiety which seems to decrease in intensity 
with time* This is further substantiated by the fact that 
freshly prepared ketena shows a sharp singlet at 62,0 in 
deuterochloroform. The reason why the signal at 6 9,2 shifts 
downfiold continuoiisly and without any change in intensity is 
not quite clear. Mention may be made here that Jampel 
^ ' have earlier observed in their UV studios of a solution 
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PMR studies# When 1- acetyl- 4~dimethyl ami nopyridinium chloride 
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F\g,jl^AA3 NMR spectrum (90 MHz) of 41a. 
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of acetic anhydride and DMAP, that the absorption at 312 nm 

slowly decroasGS and a now poak appears at 232 nm, analogous 

to that of the 4~dimethylaminopyridinium acetate. It may be 

pointed out here that the disappearance of the jposk at 312 nm 

might be due to the decomposition of the l~acetyl~4-dimethyl~ 

aminopyridinlum acetate giving rise to laiteno. The IR 

sx:)ectrum of 41 a in chloroform showed absorjptions at 3400, 1640 

and 1600 cm ^ charactGristd.G of the amide group* The XR 

spectrum recorded after a few hours showed a broad absorjjtion 

-1 

botwoon 3100-2500 cm and a strong absorption at 1710 cm 

characteristic of the acid group. The spectrum also showed an 

„ 1 

absorption at 1820 cm characteristic of a four meni^ered lac tone 
(diketene) and one at 1910 cm"* presumably due to the ketone* 

The appearance of the carbonyl absorption of an acid might foe 
due to the forma'tion of acetic acid by hydrolysis of kotene in 
the solution coll. 

In order to trap the ketene formed from ila in solution, 
aniline was added to a solution of 41a in dichlorometharxca which 
yielded acetanilide in good yield within six hours. F3ased on 
our PMR studies^ we believe that aniline being quite react- 
ive has reacted with the liberated ketene to give acetanilide* 
Tertiary alcohols, being much less reactive, do not react with 
1- acetyl- 4- dimethyl aminopyridinium chloride (£La) /under the same 
conditions* The absence of acetate formation from tert - butanol 
with l-acetyl-4"- dimethyl aminopyridinium chloride (^la) , tos;ylate 
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and fluoborate led Jampel et to suggest that the inter- 

mediacy of l-acetyl-4-dimethylpyridinium salts in generally 
irrelevant to the acylation of tertiary alcohols* Based on 
our observations/ we feel that j^a might be releasing ketene 
relatively fast and tert- butanol being less reactive does not 
react with ketene at room temperature and polymerization of 
keteriG turns out to be a competitive reaction* 

In summary/ the mechanistic pathway 'C invoking the 
interi'nediacy of ketene and subsequent dimerization to 
diketene/ in the reaction of 4-dimethyl aminopyridine. and acetic 
anhydride at high concentrations, seems more plausible, consider- 
ing the following facts J i) The forination of cyclic carbonates 
and monoacetoacetates in the reaction of pinacols could be 
rationalized conveniently* ii) The formation of acetoacetates 

in the case of simple tertiary alcohols could be explained; 

.> 

iil) The formation of products apart from simple propiorjates 
could be understood in the reaction of propionic anhydride and 
DMAP* iv) Isolation of dohydroacotatic acid could be accounted 
for* v) Finally, the PMR spectrum of 1 -acetyl- 4-dime. thyl amino- 
pyridinium chloride could bo explained sati, sfactorily* 
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I. A. 4 EXPERIMENTAL 
Gen e raj. . P r oc edu re s 

All reactions v;ere performed in oven-dried apparatus. 
Reaction mixtures were stinted magnetically unless otherwise 
specified. Distilled water is used for aqueous work-ups. 
Reaction product solutions v/ere concentrated using a Perfit 
rotary evaporator. 

M aterials 

Commercial grade solvents were distilled pjrior to use. 
Petroleum ether used was the fraction 60-8 0®C. Diethyl ether 
and tetrahydrofuran were distilled from lithium aluminium 
hydride; acetone was distilled from potassium permcinganate; 
tri ethyl amino v/as distilled from potassium hydroxide pellets. 
Methylene chloride/ chloroform and carbon tetrachloride were 
distilled from phosphorous pentoxide, tert -- Butyl alcohol and 
petroleum ether were distilled fronv sodium. Acetic anhydride 
was dis'billed from phosphorous pentoxide immediately before use. 
Dimethyl ami nopyridine (Dl^iAP) was obtained from Aldrich Chemicals 
Co. (m.p. 108~110^c) and used witViout further purification. 

Chromatography 

Analytical thin layer chromatography was perfomed on 
Merck precoated glass-backed silica gel 60P-254 0. 25 itun plates. 
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Visualization of spots was effected by one or more of the 
following tecliniques: (a) ultraviolet illumination; (b) exposure 
to iodine vapour; (e) immersion of the plate in a 10% solution 
of phosphomolybdic acid in etVianol followed by heating to 
eg , 200”; (d)- immersion of the plate in a 3% solution of 

vanillin in ethanol containing 0,5% concentrated sulpV\uric 
acid, followed by heating to dry the plate, and then reimmer- 
sion and heating to ca,* 200”, 

Column chromatography was performed using 100-200 mesh 
Acme silica gel. The flash chromatography was performed using 
Acme thin-layer chromatography silica gel. 

Physical Data 

Melting points (m,p,) were determined with a uni-melt 
capillary melting point apparatus and are uncorrected. Boiling 
points (b.p.) are uncorrected. 

Infrared (IR) spectra were recorded on Perlcin-Elmer 
model 377 and 500 spectrophotometers and are reported in wave 
numbers (cm ) * 

Proton magnetic resonance (PMR) spectra were recorded at 
60 Ml-Iz on a Jeol PMX-60 instrument/ at 80 MHz on a Brake r WP- 80 
instrument/ at 90 MHz on a Varian EM- 390 instrument and at 
100 MHz on a Varian HA- 100 and XL- 100 instruments, Chemical 
shifts are reported In parts per million downfield from internal 
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reference tetramethylsilano (6), Multiplicity is indicated 
using the following abbreviations: s (singlet)/- d (doublet), 
t (tr-iplet), q (quartet) , m (rrualtiplet) , etc. Coupling cons- 
tants are reported wherever necessary and are expressed in Hz. 

Mass spectra (MS) were measured on a VG Microsmass 707 OP 
mass spectrometer. Principal molecular fragments are reported. 
Yields are reported based on the rocovory of the starting 
material, 

I . A, 4. 1 Preparation of Startin g Materials 
I , A. 4. la 2/ 3-Dihydroxy- 2, 3-dime thylbutane (48) 

Mg(Hg) 

CH^COCH^ — > 

72 

A solution of mercuric chloride (9,0 g, 33 mmol) in dry 
acetone (50 mb) was carefuily added to magnesium turnings 
(8.0 0,328 atoms) taken in dry benzene (80 mL) . After the 

vigorous reaction stopped/ a mixture of acetone (26 mb) and 
benzene (20 mb) v/as added to the redaction mixture. The result- 
ing mixture was heated on a water bath for' 2 h. The solid mass 
was broken and refluxed for an additional 1 h. Water was added 
(50 mb ) and heated for 1 h The reaction mi xturp was cooled 
to ca. 50®C and filtered. The residue was heated with benzene 



OH OH 
48 
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reference tetramethylsilano (6), Multiplicity is indicated 
using the following abbreviations: s (singlet)/- d {doublet), 
t (triplet), q (quartet), m (rrualtiplGt) , etc. Coupling cons- 
tants are reported wherever necessary and are expressed in Hz« 
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A solution of mercuric chloride (9,0 g, 33 mmol) in dry 
acetone (50 mb) was carefully added to magnesium turnings 
(8*0 g/ 0,328 atoms) taken in dry benzene (80 mL) * After the 
vigorous reaction stopped, a mixture of acetone (26 inL) and 
benzene (20 mL) v/as added to the redaction mixture. The result- 
ing mixture was heated on a water bath for' 2 h. The solid mass 
was broken and refluxed for an additional 1 h. Water was added 
(50 mb) and boated for 1 h. The reaction mixtuxp was cooled 
to ca* 50®C and filtered* Ttie residue was heated with benzene 



(loo niL) for 10 minutes and filtered again, T]ie combined 
filtrate was evaporated to half the volume. Water was added 
(70 mL) and cooled to iO-'15°C, The separated pinacol hydrate 
v/as filtered, washed with benzene and air dried at room temper 
rature to yield 35 g (47%, based on the magnesium used) of the 
pinacol hexahydrate; recry stall! sod from equal weight of boiling 
water, rn,p, 46-46. 5®C (lit, nup* 46-.47®C), 

The pinacol hydrate (20 g) was taken in dry bensene 
(150 mb) and ref lux ed^ with the azeotropic removal of water by 
means of Dean-^Stark water separator, until 10.4 mL of water was 
collected, to afford the anhydrous as a colourless oil, 

I. A. 4,1b 1, l*-Dihydroxvbicyclohexane (^J 



To a solution of mercuric chloride (0.44 g, 0,32 mrnol) 
in tetrahydrofuran (6 rnL) was added freshly cleaned magnesium 
(0,288 g, 12,0 mrnol) and the resulting mixture was stirred at 
room temperature for 0.25 h. The turbid sxipematant llgiaid was 
withdrawn by syringe and the amalgam was washed with three 
portions of tetrahydrofuran (5 mL) . The mixture was cooled to 
ca, -IQ^C after adding tetrahydrofuran (60 mL.) and treated 
dropwise with titanium tetrachloride (3.3 mL, 5.70 g, 30 mmol), 

A solution of cyclohexanone ' (1,96 g, 20 mmol) in tetrahydrofuran 
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(50 itiL) was added to the yellow green mixture and the resulting 
purple reaction mixture was stirred at ca, 0®C for 0*25 h. The 
reaction was quenched with saturated potassium carbonate solu- 
tion (5 mL) and stirred at 0®C for 0*25 h. The dark blue 
mixture was diluted with ether and filtered through a pad of 
celite and sand. The filtrate was washed with saturated sodium 
chloride solution, dried over anhydrous magnesium sulphate, 
filtered and concentrated to affoidl,9 g of colourless crystals* 

Recrystallization from ether- petroleum ether gtive 1,78 g (92%) 

67 

of ^ as colourless crystals, m,p. 124- 125 °C (lit, m,p. 124- 
125'>G). 


I ,A, 4* Ic 1,1 ’-Dihydroxybicyclopentane (61) 

HO 

a 

i 

.The reaction was carried out as described for cyclohexa- 
none, with cyclopentanone (4,2 g, 50 mol) to yield 3,42 g (90%) 
of colourless crystals of 64, m,p. 111,5 - 112®C (lit,^"^ rn.p. 111- 




I,A,4*ld 1- ( 2 ^ - hydroxy p) ropyl ) cyclohexanol (^5) 
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The magnesium amalgam was prepared as in the earlier case 
with mercuric chloride (1,2 g, 4,42 rruTOl) and magnesium (3,84 g, 

I 

160 mmol) • Tetrahydrof uran (60 mL) was added and the mixture 
was cooled to -lO^C and treated dropwise with titanium tetra- 
chloride (8,8 ml/ 15,2 ml/ 80 mmol). A solution of cyclohexanone 
(1,96 d/ 20 mmol) and acetone (3*48 g, 60 mmol) in tetrahydro- 
furan (20 mL) was added. After stirring for 1-6 h at ca, 0®’C/ 
satiirated aqueous potassium carbonate solution was added (3 mli) 
and stiirred for 0,25 h at 0°C, The reaction mixture was diluted 
with ether and filtered through a pad of c elite and sand* The 
filtrate was washed with brine/ dried over anhydrous magnesium 
sulpViate/ filtered and concentrated to afford an oil which upon 
column chromatography over silica gel (elution with 1 j 4 ether- 
petroleum ether)/ yielded 2.30 g (75%) of ^ as colourless 
crystals, m*p* 82'’C (lit, m,p, 82-83®C ), 

I.A, 4,le l-Methylcyclohexanol (3) 



CH^Mgi 

3 

A solution of distilled methyl iodide (8,52 g, 60 mmol) 
in anhydrous ether (20 mL) was added dropwise to magnesium 
turnings (1,44 g, 60 mmol) taken in dry other (15 mL) containing 
a crystal of iodine, under nitrogen atmosphere. After the addi- 
tion V7as over, the mixture was stirred f or 0 . 25 h at room 
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temperature. A solution of cyclohexanone (5.39 q, 55 mmol) in 
ether (20 mL) was added dropwise to the cold reaction mixture. 

The resulting mixture was stirred for 1 h and allowed to stand 
overnight. Saturated arru-nonium chloride solution was added to 
the cooled reaction mixture and extracted with ether (4x30 mL) , 
The organic layer was washed with brine, dried over anhydrous 
magnesium sulphate, filtered and concentrated. The crude product 
upon distillation yielded 5.64 g (90%) of an oil, b*p, 55~56®G 
(10 mm) [lit,^^^ b.p. 54-56®C (10 mm)]. 


l.A, 4,lf 2~Phenylpropan‘-2-ol (97) 


O 


CH^ — C — CH^ 
3 3 


CH. 


C^Hj-MgBr 


> .OH 

6 5* 


GH. 

97 


The Gjrignard reaction was performed as in the earlier 

case with phenyl magnesitim bromide prepared from phenyl bromide 

(15,7 g, 100 mmol) and magnesium (2,4 g, 100 mmol) in dry ether 

and dry acetone (5,8 g, 100 mmol). The reaction after the work- 

89 

up yielded 10.9 g (8B%) of 97, b.p. 37-39®C (9 mm) [lit. 

87-90*C (9 mm)]. 


X,A, 4.1g 1, l-Diphenylethanol ( 100 ) 


d 

H 

C-Hc—C — 

6 5 6 5 


CH.3Mgl 

O s 


C^Hk—G^OH 

o 5 I 


CK' 


100 
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Tl-ie Orignard reaction was carried out as above with methyl 
magnesium iodide* (100 mmol) prepared from methyl iodide and 
magnesium and benaophenone (18,2 g, 10 mmol) in dry ether to 
yield 15,84 g (80%) of 100 as colourless crystals/ recrystalli- 

89 y 

sed from petroleum ether/ m.p, 78-79®G (lit, in.p, 81®CK 

I, A, 4, 2 Rea ction of Pin acol 48 with Ace tic anhydride and 
4~Dimcthyl aminopyridine 



* 


To a mixture of ac otic anhydride (0.45 g/ 4,4 mmol) and 
DMAP (0,244 g, 2 mmol) was added (0, 236 g, 2 mmol), Tho 
reaction mixture was heated with stirring at £a. 85 for 3 h* 

The reaction was quenched by adding a few drops of methanol 

followed by water (10 mb) • After stirring the reaction mixture 

1 

for ten minutes/ it was extracted with dlchloromethane (3x20 mL) , 
The organic layer was washed wich water (10 mL) . followed by 
brine (10 mL) and then dried over anhydrous magnosium sulphates. 
The solvent was evaporated under reduced pressure to afford a 
brown oil which was chromatographed over silica gel to give 
0*05 g of _51 (17%/' elution with petiroleum other) , m,p, 64-65 
(lit.^’^ m.p, 65®C) / 0* 06 g of ^ (26%/ elution with 1:1 ether- 
petroleum ether) as a pale yellbw oil/ 0,11 g of 49 (51%/ 
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brown oil which was chromatographed over silica gel to give 
0*05 g of _51 (17%/' elution with petiroleum other) , m,p, 64-65 
(lit.^’^ m.p, 65®C) / 0* 06 g of ^ (26%/ elution with 1:1 ether- 
petroleum ether) as a pale yellbw oil/ 0,11 g of 49 (51%/ 
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^ p 

elution with 1:9 ether-petroleum ether), nup. 179-180"C (lit, 
m.p. 180-181°C) an<i 0.06 g of unreacted starting material 48 
(elution with 1:5, ether-petroleum ether). 

2, 3-Diacetoxy-2, 3~dimethylbutane (51) 

IR (CHCl^): 1730 (J^^-0). 

PMR (CDCl^): 1.3 (s, 12H, ^CM^); 2.0 (s, 

2- Acetoxy- 3 -hydroxy- 2, S- dimethylbutane ( 50) 

IR (CCl^)i 3470 ( and 1735 i V ). 

PMR (CDCl ) : 1.3 (s, fiH.-CHg); 1.4 (s, 1.95 <s, 

3H,-CH2) and 3,26 (s/ IH, -OH, D^O exchangeable). 

Ms (m/e) i 145 (MtcH.) , 143, 116, 101, 85, 83, 69, 59, 43. 

2- Oxo- 4,4,5, 5-Tetram ethyl- 1 , 3- diox olane (49) 

IR (CCl^)! 1790 ( ■'^o-.C-O^ • 

PMR (CDC1„) ! 1.3 (s) . 

3 

In a repeat reaction, a condenser v/ith ice water circula- 
tion Was set downwards for distillation with a receiver contain 
ing 2, 4-dinitrophenylhydrazene solution in methanol, cooled in 
ice- salt freezing mixture. An orange yellow precipitate was 
separated in the rocciver, which was filtered, washed with cold 
methanol and dried. The orange compound .identifiod as 
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2/ 4-dinii::rophenyl'hydra250ne of acetone was recrystalllsed from 
aqueous ethanol, m,io. 127-128®C (lit, m.p. 126-127°C) , 


I , A, 4 . 3 R eaction of Pinacol 5^ with Acetic anhydride and 
4~Dimet h yl amlnopyridine 



The reaction was carried out as above vjith pinacol 5^ 


(0,792 g, 4 nunol), acetic anhydride (0,88 g, 8,8 mmol) and DiyiAP 
(0,488 g, 4 mmol). A brown oily solid was obtained after the 
work-up, which was chromatographed over silica gel using medium 
pressure liquid chromatography (MPLC) , -to give the following 
loroducts. Elution with 1:9 ether petroleum ether gave 0.05 g 
of 54 (15^/o), 0.07 g of 53 (21%), m.p, 178-179®C, 0.07 g of 55 
(17%) and 0.5 g of recovered starting material. 

2-Acetonylidene- 4, 5-bi s (cycloh e xyl ) - 1 , 3-dioxQlane ( M) 

IR (CCl^) ; 1680 * 

PMR (CDCl^^): 1-2 (m/ 20 H, -OH^) , 2.;i4 (s, , 4. 8 (s/ 

IH, vinylic) , 

MS (m/e)s 264 (M**'), 249, 163, 121, 95, 81, 67. 

Ep^act Mass: Calcd for 264.1726. Found: 264.1720. 



74 


2/ 4-5init.rcphenylhyclra2;one of acetone was recrystallised from 

65 

aqueous ethanol/ 127-128®C (lit, m.p, 126-127®C) , 


1 , A, 4 • 3 R eaction of Pinacol 5^ with Acetic anhydride and 
4~ Dime t h y 1 aminopyridine 



The reaction was carried out as above vjith pinacol 5^ 


(0.792 g, 4 nirnol)/ acetic anhyc^rlde (0.88 g/ 8,8 mmol) and DMAP 
(0,488 g, 4 mmol), A brown oily solid was obtained after the 
work-up/ which was chromatographed over silica gel using medium 
pressure liquid chromatography (MPLG ) , to give the following 
loroducts. Elution with 1:9 ether petroleum ether gave 0.05 g 
of 54 (15%)/ 0.07 g of 5„3 (21%)/ m.p, 178-179®C/ 0.07 g of ^5 
(17%) and 0.5 g of recovered starting material. 

2-A cetonylidene-4, 5-bis (cycloh e xyl )- 1/ 3-dioxQlane (5y§) 

IR (CCl^): 1680 and 1640 (^^==0^ * 

PMR (CDCl^^); 1-2 (m, 20 H, -OH^) / 2.;i4 (s, 3H/ -CH^) > 4. 8 (s/ 
IH^ vinylic), 

MS (m/e) : 264 (M*') / 249/ 163/ 121/ 95, 81/ 61\ ^ ^ 

Exact Mass: Calcd for 264. 1726, Found: 264.1720. 



75 


2~0xo~ 4/ 5‘'bis (cyclohexyl) -1, 3~dioxolane (53) 

IR (KBr) : 1780 ( . 

PMR (CDCl^) : 1*0 -2.2 (br, m, -CH^) . 

MS (m/e): 224 (M*^), 180/ 137/ 110, 99/ 98/ 82, 81/ 70, 

69/ 67* 

Exact Mass: Calcd for 224.1416. Povind: 224.1418. 


1-Acetoacetoxy- 1-hydroxy- 1 , 1 ‘ -bi cyclohexane (5^) 

0 

IR (tnin film): 3440 (^q^h^ . * 

PMR (CDCl^) ; ■ 1,0 - 1.89 (m, 20 Ib-CH^); 2,25 (s, SH, -CH^) ; 
3.5 (s# 4.18 (s, IH, •OH, D^O exchangeable), 

MS (m/e): 264 (m’‘'-18) , 249, 242, 180, 163, 137, 100, 99, 
98/ 86/ 84, 

Exact Mass: Calcd ^or (M-lS): 264.1726. Found: 

264.1717. 


I,A.4*4 Reaction of Pinacol ^61 with Acetic anh ydride and 
4-Dimethyl aiuinopyrid in e 
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2~»0xO"-4/ 5>~ bla (cyclohexyl) ->1/ 3~dioxolane (53) , 

IR (KBr) : 1780 ( . 

PMR (CDCl^): 1.0 -2.2 (br, m, -CH^) . 

MS (m/e); 224 180, 137, 110, 99, 98, B2, 81, 70, 

69, 67. 

Exact Mass: Calcd for C^2^20^3* 224.1416, Found; 224,1418, 


1-Acetoacetoxy- 1-hydroxy- 1, 1 ‘ -bi cyclohexane (5^) 

0 

IR (tnin film); 3440 * 

PMR (CDCl^) ; ' 1,0 - 1,89 (m, 20 Ih-CH^); 2,25 (s, 3H, -CH^) ; 
3.5 (s# 2H, 4,18 (s, 11*1,-011, D^O exchangeable), 

MS (m/e): 264 (Mtis) , 249, 242, 180, 163, 137, 100, 99, 
98, 86, 84, 

Exact Mass; Calcd ^or (M-ls): 264,1726. Found; 

264,1717. 


I,A,4,4 


Reaction of Pinacol with Acetic anh ydride and 
4- D ± m e -th y 1 aiiii nop y r i d in e 
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Reaction was carried out under identical conditions with 
pinacol ^ (0.34 g, 2 mmol)/ acetic anhydride (0.4-4 g/ 4.4 mmol) 
and DMAP (0.244 g, 2 mmol) for 4 h. The brown oil obtained after 
the work-up was purified by flash colur.Tn chromatography to yield 
0.1 g of ^ (32%/ elution with petroleum ether), 0.05 g of 
_64 (16%/ elution with 1:19 ether-petroleum ether*) , 0.06 g of 
62 / m.p, 89-90®C (24%, elution with 1:19 ether-petroleum ether) 
and 0.12 g of the starting material (elution vzith 3:17 ether- 
petroleum ether) « 


1 / 1 ^ -Di ac e toxy- 1 / 1 * -bi eye lopen tane ( 6^3) 

IR (CCl^): 1730 (T ^^q). 

PMR (CDCl^): 1.25-2.0 (m, 16H/-CHp); 2.04 (s/ 6H/-CH^) . 

2-Acetonyl- 2-hydrQx y- 4/ 5-bi s (cyclopentyl ) -1 / 3-dioxoI ane (64) 

IR (thin film): 3415 • 

PMR (CDCl^): 1.4-2,0 (m/ IGHz-iH^); 2.0B (s/ 5H/ ; 

4.33 (s/ IH/ -OH/ D^O exchangeable) . 

MS (m/e)! 254 (m'*') , 239, 195, 153, 152, 142, 135, 123, 111, 
95, 85, 67. 

2- Oxo-4 / 5-bis (cyclopentyl) -1/ 3-dioxolane (^) 

f. i j i Li i -" ii - III iiiiini. 1-111 n i i m m i t-i i f iii i i n" ! i n ii-irt-iii i- i — nr i - i r n n J-ua ll— > . 

IR (KBr) ! 1780 (^_o_§.o^' ■ 

■■■■ ■ ■ » ' ' . ■ - . 

PMR (CDCl^) ! 1*6 - 2* 2 (mz-CH^) . ; : 
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Reaction was carried out under identical conditions with 
pinacol ^ (0,34 g, 2 mmol), acetic anhydride (0,44 g, 4,4 nvmol) 
and DMAP (0.244 g, 2 mmol) for 4 h. The brown oil obtained after 
the work"* up was purified by flash colur.ui chromatography to yield 
0,1 g of ^ (32%, elution with petroleum ether), 0,05 g of 
64 (16%, elution with 1:19 ether-petroleum ether*), 0,06 g of 
6 2 , m.p, 89-90°C (24%, elution with 1:19 ether-petroleum ether) 
and 0,12 g of the .starting material (elution v/ith 3:17 ether- 
petroleum ether) « 

1,1* -Diacetoxy-1, 1 ^ -bicyclopen t ane (63 j 
IR (CCl^) ! 1730 {V . 

i 

PMR (CDClj): 1.25-2.0 (m, 16H,-CHp); 2.04 (s, 6H,"CH^) . 

2-Acetonyl- 2-hyclroxy- 4, 5-bi s (cyclop entyl )-li 3-dlo x olane (64) 

IR (thin film) ! 3415 / 1735 and 1705 • 

PMR (CDCl,)! 1. 4-2.0 (m, 16H, -CHg); 2.08 (s, 5H, 

4,33 (s, IH, -OH, DgO exchangeable) , 

MS (m/e) ; 254 (m’'') , 239, 195, 153, 152, 142, 135, 123, 111, 
95, 85, 67. 

2-Oxo-4,5-bis (cyclopentyl) - 1,3-dioxol an e (6 2) 

IR (KBr) ■ ! 1780; ( 3 ^_q_§_q) ■: vt ^ 

PMR (CDCl^) ! 1,6 - 2* 2 (m,-CH2) . 
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MS (m/e)j 196 ) , 152, 124, 111, 108, 97, 95, 84, 67, 53, 

Exact Mass: Calcd for C-.H. ^0^: 196. 1100, Found: 196.1106. 

11 16 3 


I .A. 4.5 Reaction of Pinacol 65 with Acetic anhydride and 
4--Dlmethyl aminopyridine 



The pinacol ^ (0.316 g, 2 mmol) was treated with acetic 
anhydride (0*44 g, 4.4 mmol) and DMAP (0.244 g, 2 mmol) under 
identical conditions as above, to obtain a brown oil. The crude 
product mixture was subjected to flash chromatography to yield 
0,06 g of 67 (17%, elution with 1:19 ether- petroleum ether), 
0.09 g of m.p. 112-112. 5®G (34%, elution with 1:9 ether- 
petroleum ether), 0.1 g of 68 (28%, elution with 1:9 ether- 
petroleum ether) and 0.085 g of recovered pinacol (elution v/ith 
3:17 ether-petroleum ether). 

1- ( 2 * - Ac e toxyp ropyl ) c yc lohexyl acetate ( 67 ) ^ 

IR (thin film) ! 1735 (** ^ 

PMR (CDClg) i 1.09 ( 3 , 6 H,-CH 2 ) ; 1.16 -1. 43 (m, 10 Hz-CH^) ; 
1.53 ( 3 / SH.-CHg) ■ z : 
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MS (m/e)j 196 ) , 152, 124, 111, 108, 97, 95, 84, 67, 53. 

Exact Mass: Calcd for 196.1100. Found: 196,1106, 

11 16 3 

I, A, 4.5 Reaction of Pinacol 65 with Acetic anhydride and 

" — ■•i I.'... - mm, ....■■.I.. nil. I 

4--Dlmethyl aminopyridine 



65 66 67 68 


The pinacol ^ (0,316 g, 2 mmol) was treated with acetic 
anhydride (0,44 g, 4,4 mmol) and DMAP (0.244 g, 2 mmol) under 
identical conditions as above, to obtain a brown oil. The crude 
product mixture was subjected to flash chromatography to yield 
0,06 g of 67 (17%, elution with 1:19 ether- petroleum ether), 
0,09 g of m.p, 112-112.5^0 (34%, elution with 1:9 ether- 
petroleium ether), 0,1 g of 6S (28%, elution with 1:9 ether- 
petroleum ether) and 0.085 g of recovered pinacol (elution v/ith 
3:17 ether-petroleum ether), 

1- ( 2 * -Ac etoxyp ropyl ) eye lohexyl acetate ( 67 ) 

IR (thin film)s 1735 (*' * 

PMR (CDCl^)! 1.09 (a, eH.-CHj); 1.16 -1.43 (m, 10 H, -CH^) ; 
1.53 (a/ 6H,-CH,) . 
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MS (m/e): 182 (m'^-CH_COOH) , 157, 140, 125, 122, 107, 99, 

i 

97, 72, 70, 

2-Oxo-4--cyclobexyi~5,5-dimBt.hyl-*l, 3~dioxolane (66) 

IR (KBr) ! 1780 (’^o-C-0^* 

PMR (CDClg) i 1,36 (s, 6H,-CH3); 1.44 - 2.04 (m, 10 H.-CHj) . 

MS (m/e)! 184 (M'*') , 140, 125, 122, 90, 98, 97, 85, 81, 70, 
67, 59, 55. 

Exact Mass: Calcd for 184, 1100, Pound: 184.1096# 

2‘>-«Acetonyl>«2~hydroxy^4~cyclohexyl«~5 , 5~.dimethyl^l, 3«^dioxolane (68) 

-.1 0 

IR (thin film); 3440 cm ’ ' 1735 ( ^ / 1710 • 

PMR (00013): 1.13-1.66 Cm, 10 H, -CH^) ? 1.53 (s, ^,-083)? 
2.01 (s, 3H,'-CH3); 2.23 (s, 2H, “CH^)! 2.92 (s, IH, -OH^ D^O 
exchangeable) . 

I,A.4,6 Reaction of Pinacol 48 with Ethyl ace to ace bate 



A mixture of pinacol 48 (1.13 g# 5 mmol) , ethyl acetoac eta te 
(0.65 g, 5 mmol) and anhydrous sodium acetate is heated at 
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2‘>-«Acetonyl>«2~hydroxy^4~cyclohexyl«~5 , 5~.dimethyl^l, 3«^dioxolane (68) 

-.1 0 

IR (thin film); 3440 cm ’ ' 1735 ( ^ / 1710 • 

PMR (00013): 1.13-1.66 Cm, 10 H, -CH^) ? 1.53 (s, ^,-083)? 
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I,A.4,6 Reaction of Pinacol 48 with Ethyl ace to ace bate 

i .ii,— iii.i II i tTTTTu 


CH3COCH2C00C2H3 


48 


NaOAc 





V 

7^0 

+ II 


0 

72 

i2 


(1.13 g, 5 

mmol) , 


C2%0H 
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(0.65 g, 5 mmol) and anhydrous sodium acetate is heated at 
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ca * 140 for 8 h with a condenser set downwards for distilla- 
tion and a receiver containing a solution of 2/ 4-dinitrophenyl- 

hydra zene in methanol. An orange yellow precipitate separated 

, 65 

in the receiver which was filtered, m.p. 127-128®C (lit. 
m*p. 126-«127®C), VJatex" was added to the. reaction mixture and 
extracted with ether. The ether extract was dried over anhydrous 
sodium sulphate, filtered and concentrated. Trituration of the 
residue with ether-petr*oleum ether (1:1) gave 0.36 g of ^ (50%), 
m.p. 179-180®C (lit, m.p, 180-181°C), 


I, A. 4,7a Preparation of 2-Bromomethyl-4, 4,5, S-tetramethyl-l , 3» 
dioxolane (88) 


^OH 

48 


+ BrCH^CH(0C„Hp) ^ 

^ |U O ^ 






88 


77 

A mixture of bromoacetaldehyde diethylacotal (6.8 g, 

30,5 mmol) and anhydrous acetone pinacol (3,6 g, 30*5 mmol) is 
heated to 100°C in the presence of a catalytic amount of 
p-toluenesulphonic acid (50 mg)-. The ethanol formed was conti- 
nuously removed using a Dean-Stark water separator (c^# 1*7 mL) , 
The reaction mixture was diluted with ether and washed with 
saturated sodium bicarbonate solution (20 mL) . The ether extract 
was dried over anhydrous magnesium sulphate and the solvent was 
evaporated under reduced pressuro. The crude product was 
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vacuiom distilled to yield 4*76 g o£ 88 (705^) as a colourless 
liquid, b.p. 92-94'»C ( ll mm) . 

PMR (CDCl^); 1*37 (s, 12H, CH^); 3*34 (d, 2H,. CH^,, 

J=6 Hz); 5.28 (t, IH, CH, J=6 Hz). 

I. A, 4. 7b Preparation . of 2'-MethyleriO~4, 4/5, S-tetramethyl-l, 3~ 


dioxolane (89)"^^'"^^ 



A mixture of potassium metal (0.78 g, 20 mmol) and absolute 
tert- butanol (16 mb) was refluxed until all the potassium dissol- 
(‘^u* 2 h) * After cooling the solution slightly, bx'omoacetal 

88 (4.46 g, 20 mmol) was added quickly along with a few boiling 
chips. A cream coloured precipitate of potassium bromide 
started depositing immediately* The to rt »> butanol v;as distilled 
off under reduced pressure (200 mm) . The ketene cyclic acetal 

89 was collected in a receiver prowashed with alcoholic potassium 
hydroxide solution (1*84 g/ 65%), b.p, 106®e (140 mm). 

I, A, 4.7c Reaction of Ketone Cyclic Acetal 89 with Acetic 


anhydride and 4-Dimethyl aminopyri dine 
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To a mixture of acetic anhydride (0,408 g, 4 mmol) and 
DMAP (0.244 g, 2 mmol) was added the ketene cyclic acetal 89 
(0.568 g, 4 mmol). Heated the reaction mixture to 80-90®C with 
stirring for 2 h. Water (0.07 mL) was added and the heating 
was continued for two more hours. The crude product obtained 
after the usual work-^up was purified by flash chromatography to 
yield 0, 1 g of 50 (15%, elution with b% ether-petroleum ether), 
0,07 g of m.p. 111-112®C (mixture m.p* with dehydroacotic 
acid, 111-112®C, elution with 1:19 ether-petroleum ether). 

Dehydroace tic acid (90) 

PMR (CDCI 3 ); 2.25 (s, 3 H,*CH 3 ); 2. 63 4It CH) ; 5.96 

is, IH, vinylic). 

MS (m/o)s 168 (m'*') , 153. 125, 111, 96, 85, 69. 


I. A. 4.8a P repara tJ. on of 3-Bromomethyl- 1, 5-dihydro- 2 , 4-benaO" 
dioxGpin (92) 


H /■ + BrCH2~CH<^ — • — > 




91 


/OEt 2 -TsOH 
‘OEt 


^ >GH.CH^Br 


'2 

92 


A mixture of phth alyl alcohol (^, iO 72.5 mmol) and 
bromoacetaldehyde diethylacetal (14 g, 71 mmol) was heated to 
100 in the presence of p- toluene sulphonic acid (50 mg) until 
7. 9 mb of ethanol was distilled off. The reaction mixture was 
cooled and other was added (150 mL) and washed with saturated 
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100 in the presence of p- toluene sulphonic acid (50 mg) until 
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sodium bicarbonate solution (50 mli) , The ether layer was 

dried over anhydrous sodium sulphate and filtered* The filtrate 

on concentration afforded 14 g (79%) of 92 „ Upon recrystalliza~ 

78 

tion from benzene, 92 melted at 98^C (lit* m,p* 98 * 

PMR (CDCl^): 3.42 (d, 2H, ; 4.86 (s, 4H,-CH2; 5,05 

(t, IH, -iu) y 7,2 (s# 4H, aromatic), 

MS (m/e)! 244, 242 (m"*") , 149, 121, 104, 91, 77, 


1* A. 4,8b Preparation of 3~Methyleno-.l, 5-dihydro-2/ d-benzo- 
dioxepin (93) 



1 \CH=^CH. 


93 


A solution of 92 (10 g, 41 mmol) in hot benzene was added 
rapidly with stirring at ca* 80 to a soldtion of potassium 
tertiary butoxide (5*25 g, 43 mmol) in tert- butanol (70 mb). 

The resulting mixture was heated for 5 h at ca. 80''C, The 
excess tert ~ butanol was distilled under reduced pressure* 
Benzene was added to the residue and filtered. The filtrate 
was evaporated and the residue was recxystallized from benzene 
to yield 6, 1 g (92%) of £3, m.p, 44®C (lit. m.p, 44®C) . 

PMR (CDCl^) V 3,64 (sr 2H/ vinylic) ; 5,0 (s, 4H,-GH2) ; 

7,06 (m;4H, aromatic), : 

MS (m/s)! 162 (M^), 149, 133, 119, 104, 91, 78, 65, 



sodium bicarbonate solution (50 mL) , The ether layer was 

dried over anhydrous sodium sulphate and filtered* The filtrate 

on concentration afforded 14 g {19%) of 92 o Upon recrystalliza- 

78 

tion from benzene/ 92 melted at 98 (lit, m,p, 98®C) * 

PMR (CDCl^): 3,42 (d, 2H/ ; 4.86 (s/ 4H/4:H2; 5.05 

(t/ IH/ -in) ; 7.2 (s/ 4H, aromatic), 

MS (m/e) ! 244, 242 (m'*') , 149, 121, 104, 91, 77. 

1*A, 4,8b Preparation of S-Methyleno-l/ 5~dihydro-«2/ 4-ben20*- 
dioxepin (93) 



A solution of ^ (10 g# 41 mmol) in hot benzene was added 
rapidly with stirring at ca, 80®C to a solution of potassium 
tertiary butoxide (5*25 g, 43 mmol) in tert^butanol (70 mb). 

The resulting mixture was heated for 5 h at ca. 80^C, The 
excess tert-butanol was distilled under reduced pressure. 
Benzene was added to the residue and filtered. The filtrate 
was evaporated and the residue was recrystallized from benzene 
to yield 6. 1 g (92%) of 93, m.p, 44®C (lit.^® m.p, 44®C) , 

PMR (CDCl 2 )r 3,64 (s, 2H/ vinylic) ? 5^ 0 (s, 4H/--GH 2 ) ; 

7,06 (m; 4H^ aromatic), > 
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I*A»4.8c Reaction of 1 , 5«>Dj.hydro- 3-methyleno*-» 2/ 4«*benzodloxepin 
( 93 ) with Acetic anhydride and DMAP 


^CH2-0 


DM/iP 


I >CH=CH„ ■ 

(CH3CO; 2° 



93 


CH2-OCCX2H3 


CH2~0CCX2H3 

94 


The compound 93 (0.6 48 g, 4 mmol) was treated under 
identical conditions with acetic anhydride (0,408 q, 4 mmol) 
and DMAP (0.244 g/ 2 mmol) as done with 89. The crude product 
was subjected to flash chromatography to give 0,45 g of di acetate 
94 (58?^)/ m.p. 35 ®C (mixture m.p. 35 °C/ elution with petroleum 
ether) . 

0 - 
IR (thin film) : 1740 (^ ^^0^ • 

PMR (GDCl^); 2.04 (s^ 6 H,*-GH 3 ) ; 5.2 (s, 4H, '-CH 2 ) ; 7.4 (s, 

4 H^ aromatic). i 


I. A, 4*9 Reaction of Acetic anhydride and 4*-Dimethylaminopyridine 

(ClhC0)_0+ DMAP 

o l 

90 

A mixture of acetic anhydride (0,22 2.2 mmol) and D^jAP 

(1.5 mmol/ 0,183 g) was set aside at room tenp era ture for two 
days. The crude product after the usual work-up was chromato- 
graphed over silica gel to yield 0.04 g of 90 (elution with 
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I ♦A, 4,8c Reacti on of 5»>DihydrO‘» 3“~metl^yleno»-»2/ 4«*benzodloxepin 
( 93 ) with Acetic anhydride and DMAP 

DM/iP ^<^N^CH2~0CC)CH3 

(CH3C0j 2° ^ ^i:;^CH2-CX:OCH3 

94 

The compound 93 (0.6 48 g, 4 mmol) was treated under 
identical conditions with acetic anhydride (0,408 g/ 4 mmol) 
and DMAP (0.244 g, 2 mmol) as done with 89, The crude product 
was subjected to flash chromatography to give 0,45 g of di acetate 
94 (58%)/ m.p, 35®C (mixture m*p., 35 °C/ elution with petroleum 
ether) , 

0 

IR (thin film) : 1740 (^ ^^q) . 

PMR (GDCl^)! 2.04 (s^ 6 H/-GH 3 ) ; 5.2 (s, 4H/ '-CH 2 ) ? 7 . 4 (s, 
4H/ aromatic). > 

I . A, 4* 9 Reaction of Acetic anhydride and 4^Dimethylaminopyridine 

(ClhC0)_0+ DMAP 

o A 

90 

A mixture of acetic anhydride (0,22 g, 2,2 mmol) and D^jAP 
(1,5 mmol/ 0*183 g) was set aside at room temperature for two 
days. The crude product after the usual work-up was chromato- 
graphed over silica gel to yield 0.04 g of 90 (elution with 
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1:19 ether petroleum ether) ^ m,p, 111-112®C, (mixture m,p. 111 
112®C). 


1, A, 4.10a Reaction of 1- Methyl cyclohexanol (^) with Acetic 
anhydride and 4>~Dimethylciminopyridine 



To a mixture of acetic anhydride (0,44 g, 4*4 mmol) and 
DMAP ...(O, 244 g, 2 mmol) / added carbinol 3 (0*228 g# 2 mmol). The 
reaction mixture was heated with stirring at 85~90'^C for 4 h. 
Methanol (0*5 mL) was added followed by water (10 mL), Tlie 
stirring was continued for 0, 25 h. The reaction mixture was 
extracted with dichlorome thane (3x20 mL) , The organic extract 
was washed with water (10 mL) followed by brine (10 mL) and 
dried over anhydrous magnesium sulphate. The solvent was evapo- 
rated under reduced pressure to give a brown oil which was 
stibjected to flash chromatography to yield 0.18 g of £5 (71%^ 
elution with petroleum ether), 0*05 g of 96 (15%, elution with 
1: 19 ether-petroleum ether) and 0,04 g of recovered starting 
material, 

l-Methylcyclohexyl acetate (95) 

IR (thin film) 5 1735 * v 

PMR (GDCl j) i 1.5 (m, 13H, -CH^. -CHg) ; 2.06 (s, 3H, -CH^') . 
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1:19 ether petroleum ether)# m,p, lll'-112°C, (mixture m,p. 111 
112®C). 


I,A,4,10a Reaction of 1^ Methyl cyclobexanol (3;) with Acetic 
anhydride and 4>~Dimethylaminopyridine 



To a mixture of acetic anhydride (0.44 g, 4*4 mmol) and 
DMAP ..(0.244 g# 2 mmol)#' added carbinol 3 (0*228 g# 2 rjvmol) . The 
reaction mixture was heated with stirring at 85~90'^C for 4 h. 
Methanol (0*5 mL) was added followed by water (10 rnL). Tl-^e 
stirring was continued for 0. 25 h. The reaction mixture was 
extracted with dichlorome thane (3x20 mL) , The organic extract 
was washed with water (10 mL) followed by brine (10 mL) and 
dried over anhydrous magnesium sulphate. The solvent was evapo-* 
rated under reduced pressure to give a brown oil which was 
stibjected to flash chromatography to yield 0.18 g of £5 (71%^ 
elution with petroleum ether), 0*05 g of 96 (15%, elution with 
1: 19 ether-petroleum ether) and 0.04 g of recovered starting 
material. 

l-Methylcyclohexyl acetate (95) 

IR (thin film) s 1735 * v 

PMR (CDCl j) » 1.5 (m, 13H, -CH . ; 2. 06 (s, 3H, . 
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!««■ Methyl cyclohexyl acet:oacetate (96) 

O 

IR (CHgClg): 1710 (’'c=o^ ^ C-O^ * 

PMR (CDClg): 1.37-1.6 (s, br, 13H,-CH , -CH 2 ); 2.33 (s, 
3.42 (s, 2H,-iH2). 

MS (m/e): 198 (m"^) , 119, 114, 105, 99, 85, 81, 71, 58, 

55, 43. 

Exact Mass: Calcd for 198.1256. Found; 198,1256. 


I,A.*4,10b Preparation of 1-Methylcyclohexyl acetate (95) 



To a solution of ^ (0.114 g, 1 mmol), DMAP (0,022 g, 0,1 
mmol) and triethylamine (o. 15 g, 1.5 mmol) in dichloro me thane 
(5 mL) added acetic anhydride (0.2 g, 2 mmol) with stirring. 

The mixture was allowed to stand at room temperature for 15 h. 
The compound was partitioned between water and ether. The ether 
extract was washed with soditun bicarbonate solution followed by 
brine and dried over anhydrous sodium sulphate. Filtered the 
ether extract and concentrated to yield 0.137 g (88^) of 95. 

I.A.4.10C Preparation of l^Methylcyclohexyl acetoacetate (96) 

Ml. ■■■■Ill TTIB Ux 

NaOAc 


96 





3 
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Ix-Methylcyclohexyl acetoacetate (96) 

O 

IR (CH 2 CI 2 ): 1710 (’'c=0^ 

PMR (CDCI 3 ); 1.37-1.6 (s, br, 13H. -CH_, -CH 2 ) J 2.33 (s, 
SH.-CHj); 3.42 (s, 2H, -CHj). 

MS (m/e) ! 198 (m"*") , 119, 114, 105, 99, 85, 81, 71, 58, 

55, 43. , 

Exact Mass! Calcd for 198.1256. Found; 198.1256. 


I,A.*4,10b Preparation of l-MethylGyclohexyl acetate (95 ) 



3 


To a solution of J (0,114 g, 1 mmol), DMAP (0,0 22 g, 0,1 
mmol) and triethylamine (0,15 g, 1,5 mmol) in dichloromethane 
(5 mL) added acetic anhydride (0,2 g, 2 mmol) with stirring. 

The mixture was allowed to stand at room temperature for 15 h. 
The compound was partitioned between water and ether. The ether 
extract was washed with sodi\im bicarbonate solution followed by 
brine and dried over anhydrous sodium sulphate. Filtered the 
ether extract and concentrated to yield 0.137 g CB 8 %) of 95 , 


I,A.4,l0c Preparation of l-Methylcyclohexyl acetoacetate (£ 6 ) 
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A solution of alcohol 3 (0*371 g# 3.25 mmol) and diKetene 
(0.336 g, 4 mmol) in benzene was refluxed for 12 h with a cata- 
lytic amount of anhydrous sodium acetate. The reaction mixture 
was cooled and then poured into water (10 mL), The mixture 
was extracted with ether (2x15 mL) . The ether extract was 
dried over anhydrous magnesiiim sulphate and evaporated under 
reduced pressure to give the acetoacetate _96 as a coTourless oil 
(0.51 g, 80%). 



Reaction was carried out under identical conditions as 
above with dimethylphenyl carbinol ( g7 . t 0.272 g/ 2 mmol), 
acetic anhydride (0*44 4*4 fomol) and DMAP (0*244 g# 2 mmol) * 

The crude product obtained from the usual work-up was purified 
by flash chromatography to yield 0*17 g of 98 ( 66 * 0 %/ elution 
with petroleiim ether) ^ 0. 08 g of ^ (18*0% * elution with 1:19 
ether-petroleum ether), 

2-Acetoxy- 2-phenylpropane ( 98) 

IR (thin film): 1735 (vS A.- -'i'- 

o— u 

PMR (cDClg) s 1.65 (s, eH. -CHg) ; 1.88 ( 9 , 3 H, -CH 3 ) ? 7.25 
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A solution of alcohol 3 (0*371 g# 3.25 mmol) and diketene 
(0.336 g, 4 mmol) in benzene was refluxed for 12 h with a cata- 
lytic amount of anhydrous sodium acetate. The reaction mixture 
was cooled and then poured into water (10 mL). The mixture 
was extracted with ether (2x15 mL) . The ether extract was 
dried over anhydrous magnesium sulphate and evaporated under 
reduced pressure to give the acetoacetate 96 as a col'ourless oil 
(0.51 g, 80%). 



Reaction was carried out under identical conditions as 
above with dimethylphenyl carbinol * 0.272 g, 2 mmol)# 
acetic anhydride (0.44 07 4.4 iximol) and LMAP (0*244 g# 2 mmol). 
The crude product obtained from the usual work- up was purified 
by flash chromatography to yield 0.17 9 of 98 (66*0%# elution 
with petroleum ether)# 0.08 g of _99 (18*0% # elution with It 19 
ether-petroleum ether) , 

2- Ac etoxy- 2-pheny Ip ropane ( 98 ) 

IR (thin film): 1735 ( v^^q) . : 

PMR (CDCl^) : 1.65 (s# 6H#-CH3); 1.88 (s/ 3H# ? 7,25 j 
(m# 5H# aromatic) . 



87 


MS (m/e)! 118 (M'^'-CHgCOOH) , 117, 103, 91, 78, 60, 45, 43. 

2-Acetoacetoxy- 2-phenyl prop ane (99) 

__ ^ 

IR (thin film): 1715 ^ C-0^ • 

PMR (CEClj): 1.84 (s, 6H, -CH^) ; 2.26 (s, 3H, -CH^) ; 3.45 
(s, 2H, -CH2); 7.43 (m, 5H, aromatic). 

MS (m/e)! 220 (m'*’) , 136, 119, 117, 91, 85, 77, 43. 

Exact Mass: Calcd for ^13^16^3* 220*1100, Found: 220,1104, 



Acetic anhydride (0,765 g# 7*5 mmol) was added with stirr- 
ing to a solution containing alcohol ^97 (0,62 g, 5 mmol) , tri- 
ethylamine (0.757 g,, 7.5 mmol) and DMAP (0*048 g, 0,4 rnmol) in 
dry dichlorom ethane (20 mL) , The mixture was stirred at ambient 
temperature for 20 h. Methanol (1 mL) was added^ followed by 
water (25 mb). After stirring for 0, 25 h# the mixture was 
extracted with etheJf . (3 x30 mL) . The ether extract was washed 
with water (20 mL) followed by brine (20 mL) and dried over 
anhydrous ma^esium sulphate. The solvent was evaporated to 
yield 0.7 g of _98 (86*0%) . ^ 
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MS (m/e)! 118 (M'^'-CHgCOOH) , 117, 103, 91, 78, 60, 45, 43. 

2-Acetoacetoxy- 2-phenyl prop ane (99) 

__ ^ 

IR (thin film): 1715 ^ C-0^ • 

PMR (CEClj): 1.84 (s, 6H, -CH^) ; 2.26 (s, 3H, -CH^) ; 3.45 
(s, 2H, -CH2); 7.43 (m, 5H, aromatic). 

MS (m/e)! 220 (m'*’) , 136, 119, 117, 91, 85, 77, 43. 

Exact Mass: Calcd for ^13^16^3* 220*1100, Found: 220,1104, 



Acetic anhydride (0,765 g# 7*5 mmol) was added with stirr- 
ing to a solution containing alcohol ^97 (0,62 g, 5 mmol) , tri- 
ethylamine (0.757 g,, 7.5 mmol) and DMAP (0*048 g, 0,4 rnmol) in 
dry dichlorom ethane (20 mL) , The mixture was stirred at ambient 
temperature for 20 h. Methanol (1 mL) was added^ followed by 
water (25 mb). After stirring for 0, 25 h# the mixture was 
extracted with etheJf . (3 x30 mL) . The ether extract was washed 
with water (20 mL) followed by brine (20 mL) and dried over 
anhydrous ma^esium sulphate. The solvent was evaporated to 
yield 0.7 g of _98 (86*0%) . 
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I •A. 4.11c Preparat.ion of Acetoace’fca'fce 99 


^6^5' 


CH~ 

i ' 

-C — OH + 

♦ 

CH« 




NaOAc 




O 


CH^ 

» 

C Jir- — c — OC OCH^COCH^ 
D D ^ 2 3 

CH„ 


97 


87 


99 


A benzene solution containing alcohol ^ (0.352 2.83 

nunol) , diketena (0.26 g, 3.1 nnmol) and sodium acetate (0.04 g, 

0.5 mmol) was refluxed for 3 h. The reaction mixture was cooled 
and poured into water (20 mL) . The mixture was extracted with 
ether and the extract was dried over anhydrous magnesium sulphate. 
The solvent was evaporated to yield 0.525 g of the acetoacetate 
99 (84.3%) as a colourless oil. 


I. A. 4*12 Reaction of the tert-Alcohol 100 with Acetic anhydride 
anci 4<*Dirn<^hyl amino^ ^ ^ 


^6% 


CHo 

I 

-C—OH 

i 

6 5 
100 


DM^'^ 

•7 ~— ■ ; ^ C^H^. 

(CH3CO) 20 6 5 


C.H3 

»C — OCOCH^ + 
I 3 

101 




5 6 


y=cB^ 


102 


The tertiary alcohol' 100 (0.396 g, 2 mmol) was treated 
under identical conditions as in the earlier examples with acetic 
anhydride (0# 44 g^ 4. 4 mmol) and dimethyl aminopyridine (0. 244 g# 

2 mmol) . The brown liquid obtained, after the work-up was purified 
using flash chromatography technique to yield 0*13 , g of 102 (5 2%# 
elution with petroleum ether) , 0.345 q of IQl (46%, elution with 
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I* A. 4.11c Preparat.ion of Acetoace'ta'fce 99 


CH^ 




\ " 

,C — OH -f 

♦ 

^ 

NaOAc ^ 

C,Hc. — C — OCOCH^COCH, 
6 5^ 2 3 

CH, 



CH^ 

3 



3 

97 

87, 


99 


A benzene solution containing alcohol ^ (0.352 2.83 

nunol) , diketene (0.26 g, 3.1 nnmol) and sodium acetate (0.04 g, 

0.5 mmol) was refluxed for 3 h. The reaction mixture was cooled 
and poured into water (20 mL). The mixture was extracted with 
ether and the extract was dried over anhydrous magnesium sulphate. 
The solvent was evaporated to yield 0.525 g of the acetoacetate 
99 (84.3%) as a colourless oil. 


I. A. 4*12 Reaction of the tert-Alcohol 100 with Acetic anhydride 
anci 4<*Dirn<^Hyl aminop '' ■ ^ 


^ 6^5 


CHo 

I 

i 

6 5 
100 


DM^'^ 

(CH3CO)20^ 


C.H3 

6 5 I 3 

101 




HcO. 
5 6 



102 


The tertiary alcohol' TOO (0.396 g, 2 mmol) was treated 
xmder identical conditions as in the earlier examples with acetic 
anhydride (0# 44 g^ 4. 4 mmol) and dimethyl aminopyridine (0. 244 g# 

2 mmol) . The brown liquid obtained after the work-up was purified 
using flash chromatography technique to yield 0*13 g of 102 (52%, 
elution with petroleum ether) , 0.345 g of 101 (46%, elution with 
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petroleum ether) and 0*11 g of unreacted starting alcohol 
(elution with 1x19 ether-petroleum ether). 

1/ 1-Diphenylethylene 102 

IR (thin film): 1660 and 1600 . 

PMR (CDCl^): 5.39 {s, 2H, vinylic); 7.23 (s, 10 H, 
aromatic) * 

1 / l-Diphenylethyl acetate IQI 

IR (thin film): 1740 ( ^ • 

PMR (CDCl^): 2.09 (s, 3H, -CH 3 ) ; 2.19 {s, 3H, -CH 3 ) ; 7.3 
(s/ 10 H# aromatic) . 

I. A. 4.13 Reaction of Pinacol 48 with Propi onic anhydr ide and 
4-Dimethyl ^minopyri dine 

DMAP ^ "^OCpC jHs ^ 

OH (C 2 H 5 CO) 2 ° 

iS los 

To a mixture of propionic anhydride (0.858 6,6 mmol) 

and DMAP ( 0,366 g, 3 mmol) , was added oinacol 48 (0,354 g, 

3 mmol) , The reaction mixture was heated with stirring for 

4 h. The usual worfe~up as in the earlier cases afforded a 
brown oil which was ; purified by flash chromatography to give 
0,30 g of 109 ( 72 , 0 %^ elution with 1x19 ether-petroleum ether)# 
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petroleum ether) and 0*11 g of unreacted starting alcohol 
(elution with 1x19 ether-petroleum ether). 

1/ 1-Diphenylethylene 102 

IR (thin film): 1660 and 1600 . 

PMR (CDCl^): 5.39 {s, 2H, vinylic); 7.23 (s, 10 H, 
aromatic) * 

1 / l-Diphenylethyl acetate IQI 

IR (thin film): 1740 ( ^ • 

PMR (CDCl^): 2.09 (s, 3H, -CH 3 ) ; 2.19 {s, 3H, -CH 3 ) ; 7.3 
(s/ 10 H# aromatic) . 

I. A. 4.13 Reaction of Pinacol 48 with Propionic anhydride and 
4-Dimethyl ^minopyri dine 



To a mixture of propionic anhydride (0.858 6,6 mmol) 

and DMAP ( 0,366 g, 3 mmol) , was added oinacoX 48 (0,354 g, 

3 mmol) , The reaction mixture was heated with stirring for 

4 h. The usual worfc~up as in the earlier cases afforded a 
brown oil which was ; purified by flash chromatography to give 
0,30 g of 109 ( 72 , 0 %^ elution with 1x19 ether-petroleum ether)# 
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0.085 g of 110 (15%/ elTation with 1;19 ether-petroleum ether) 
and 0*07 g of unreacted pinacol (elution with 1:5 ether-petro- 
leum ether) , 


Compound 109 

IR (thin film): 1730 

PMR (CDCl^): 1.06 (t/ J=7.5 Hz); 1.1 (s, 6H, 

-GH^); 1.4 (s/ 6 H,*-CH 3 ); 2.23 (q, 2H,^CHy J==7.5 Hz); 2.9 (s/ 
IH, ~OH, D 2 O GKchangeable) , 

Compound 110 

IR (CHCI 3 )! 1735 ( ^ * 

PKR (CDGl^): 1.03 (t, 3H, J «7.5 Hz); 1.1 (s/ 6 H, 
CH^)/ 1.27 (d, 3H, J 6 Hz) / 1.45 { 3 , SH, -CH^) } 2.47 (c^ 

2H,^Hy J«7.5 Hz); 3.35 (q, 1H/-CH/ J «6 Hz). ; 


I.A. 4. 14 Reaction of l-Methylcyclohoxanol (3) with Propionic 
anhydride and 4-Dimethyl aminopyridine , ■ 


" 3 : : /; 

The tertiary alcohol 3 (0 . 228 g/ 2 mmol ) was added with 
stirring to a mixture of propionic anhydride (0.572 g, , 4. 4 mmol) 




OCOCHCOC.H^ 
IH3 2 5 


111 


112 
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0. 085 g of 110 (15%/ eliition with 1:19 ether-petroleum ether) 
and 0*07 g of unreacted pinacol (elution with 1:5 ether-petro- 
leum ether) * 

Compound 109 

IR (thin film): 1730 

PMR (CDCl^): 1-06 (t^ J=7*5 Hz); 1*1 (s, 6 H/ 

-CH^); 1.4 (s, 6 H,*-CH 3 ); 2.23 (q, 2n, J =7.5 Hz); 2.9 (s/ 

IH, -OH, D 2 O exchangeable) , 

Compotind 110 

IR (CHCI 3 ): 1735 ( ^ ^^q) ’and 1710 (v^„q) . 

PMR (CDGI 3 ): 1.03 (t, 3H, -CH 3 , J=7.5 Hz); 1,1 (s^ 6 H, 
CH^)/ 1.27 (d, 3H, -CH 3 , 0r=6Hz); 1*45 (s/ 2.47 (<^ 

2H, -CH^/ J=7*5 Hz); 3.35 (q, 1H/-CH/ J =6 Hz). ; 

1. A. 4. 14 Reaction of l-Methylcyclohoxanol (3) with Prppionic 

anhydride and 4-Dimethyl aminopyridine 

f ^ DMAF 

The tertiary alcohol 3 (0.228 g/ 2 mmol) was added with 
stirring to a mixture of propionic anhydride (0.572 g, 4. 4 mmol ) 
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and DMAP (0.244 g, 2 mmol). The reaction mixture was heated 
to 85-90®C for 4 h. The reaction mixture was worked up as 
earlier to afford a brown oil which was subjected to flash 
chromatography to yield 0,2 g of ill (75.0%^ elution with 
petroleum ether), 0*07 g of 112 ( 21 . 0 %/ elution with petroleum 
ether) and 0.05 g of the unreacted alcohol (elution with Is 19 
Gther-*petroleum ether) . 

Propionate 111 

IR (thin film): 1730 ( J* f_o) . 

PMR (CCl^): 1.1 (t, 3H,-CH3, J = 7 Hz); 1.43 (s, br, 13H, 
-CHgj-CHg); 2.23(g, J=7 Hz). 

Compound 112 



IR (GCl^)j 1710 (>'c=o^ 

PMR (CCl.)i 1.1 (t, 3H,-CH3, J = 6 Hz); 1.3 (d, 3H, -CH^, 
J= 6 Hz); 1.5 (s, br, 13H, -CH3,4)H2) ; 2.5 (q, 2 H,-CH 2 , J = 6Hz) 
3. 37 (g, IH, -CH, J = 6 Hz) . 


l.A. 4.15a Reaction of Dimethyl aminopyridine and Acetyl 
Chloride in Petroleum Ether 





.CH 3 COC 1 
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and DMAP (0.244 g, 2 mmol). The reaction mixture was heated 
to 85-90®C for 4 h. The reaction mixture was worked up as 
earlier to afford a brown oil which was subjected to flash 
chromatography to yield 0,2 g of ill (75.0%^ elution with 
petroleum ether), 0*07 g of 112 ( 21 . 0 %/ elution with petroleum 
ether) and 0.05 g of the unreacted alcohol (elution with Is 19 
Gther-*petroleum ether) . 

Propionate 111 

IR (thin film): 1730 ( J* g_o) • 

PMR (CCl^): 1.1 (t, 3 H,-CH 3 , J = 7 Ha); 1.43 (s, br, 13H. 
-CHgj-CHg); 2.23(g, J=7 Hz). 

Compound 112 



IR (GCl^)j 1710 ana 1730 

PMR (CCl.)i 1.1 (t, OH.-CHj, J = 6 Hz); 1.3 (d, 3H, -CH^, 
J=6Hz); 1.5 (s, br, 13H, -CH,,-i;H 2 ) ; 2.5 (q, 2H,-CH2, J = 6Hz) 
3. 37 (g, IH, -CH, J = 6 Hz) . 


l.A. 4.15a Reaction of Dimethyl aminopyridine and Acetyl 
Chloride in Petroleum Ether 





.CH 3 COC 1 
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To a suspension of DWAP (0.244 g, 2 mmol) in dry petro- 
leihm ether added slowly acetyl chloride (0*157 0/ 0.14 ml# 

2 mmol) with stirring. A white precipitate immediately coagula- 
ted in the solution which was stirred for 2 h at room tempera- 
ture. The hygroscopic solid 41 a was filtered and washed 
thoroughly with dry petroleum ether (0.357 g# 89%)* 

IR (KBr) ! 1650 

PMR -'CDClg) j 2.1 (.s,-CH^), 2,23 (s, -CH^) , 3. 15 (s. 6H, 

<within N-CH^) ; 6«6 (d, 2H, aromatic)# 8.16 (d# 2H# 
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studies in molecular REARRANGEMENT: 

A SHORT SYNTHESIS OF I<ARj\HANAENONE 

I.B,1 ABSTRACT 

The reductive coupling reaction of carbonyl compounds 
mediated by low- valent titanium species has been efficiently 
used in the synthesis of the unsymmetrlcal pinacol/ l-(2'-hyd- 
roxypropyl)-4-methylw3«.cyclohexenol* This key intermediate 
underwent a smooth ring expansion with boron tri fluoride 
etherate resulting in a short synthesis of K-arahanaenone^ an 
odoriferous constituent of Japanese hop and Cypress oil. A new 
methodology has been developed for the synthesis of the versa- 
tile synthon, 4-methyl- B-cyclohexenone, 
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The reductive coupling of carbonyl compounds constitute 
an imp or tan t me thpd f o r the f ormati on of c arb on- c arbon bond s * 
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The reductive coupling of carbonyl compounds constitute 
an imp or tan t me thpd f o r the f ormati on of c arb on- c arbon bond s * 
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The coupling of carboxylic estors (acyloin reaction) has long 
been recognized as a powerful tool for intermolecular condensa- 
tions* The classical methods involve the use of Al-Hg and 
Mg-Hg to effect such coupling reactions, ' Several procedures 
have been reported in the literature to couple aromatic carbonyl 
compounds using low- valent transition metal reagents. 

However, the reagent system developed by McMurry and coworlcers/ 
(TiCl^/LiAlH^) , Was found to give excellent yields in the case 
of both aryl and alkyl substituted carbonyl compounds. All these 
methodologies lead to the corresponding olefins rather than the 
pinacols. "" ‘ Aromatic carbonyl compounds were found to yield 
pinacols by the reaction with chlorotrimethylsilane and magne- 
sium in fJMPA, Corey ^ have found that ketones and 
aldehydes were consistently coupled in excellent yields by the 
Ti(ll) species generated by the reaction of titanium tetra- 
chloride and amalgamated magnesium (70-80 mesh) , to yield 
1 ? 

pinacols, " Recently, it has been shown that aromatic aldeydas 

and ketones undergo rapid one-electron reduction to pinacols 

13 

with aqueous titanium trichloride in basic media. Reductive 
coupling of carbonyl compounds to pinacols has also been achiev- 
ed using low- valent cerium, An important feature of the low- 
valent cerium reagent is that it can be applied successfully 
even in the presence of other reducible functional groups like 
ester and nitrile* 

The Ti(ll) species derived from titanium tetrachloride 
and amalgamated magnesium has been shown to be a versatile 
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reagent in the intermolecular and intramolecular pinacoiic 
coupling of carbonyl compounds. It was felt that the poten~ 
tial usefulness of this reagent has not been conpletely 
explored. Our interest in the chemistry of low-valent transi- 
tion metal reagents prompted us to looX into the scope and 
utility of such pinacoiic coupling reaction of carbonyl 
compounds in a study directed towards a short synthsis of 
Karahanaenone (4) - 

Karahanaenone (^) is an odoriferous constituent of 

15 

Japanese hop and Cypress oil/ Cupressus sempervirens . Ever 

since the isolation and characterization of this seven-membered 

monoterpene 4r several syntheses of this natural product have 
1 6 — 22 

been reported, “ Demole and Enggist described the first 
synthesis of 4, They found that linalool (1)/ on treatment 
with N-bromosuccin amide in carbon tetrachloride gave the bromo 
ether This underwent a smooth dehydrobromination in reflux- 
ing collidine to give rise to an intermediate/ allyvinyl ether 
3/ which rearranged directly to Karahanaenone {4)/ through a 
[3/3j sigmatropic process (Scheme , Wender/ while develop 

ing a general methodology for the direct formation of functiona- 
lized seven-membered carbocycles/ applied his strategy to the 
synthesis of Karahanaenone (4) (Scheme I, B, 2) . A group of 
Japanese workers intrigued by the possibility of effecting 
cationic cyclization via nucleophilic participation of silyl 
enol others# applied their strategy in the, synthesis of the 
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Ho 

7~r±ng monoterpene 4 (Scheme Karahanaenone (4) was 

also synthesized to demonstrate the silver ion induced 3+4 7 

carbocyclic reaction. Thus, 1, 1- dimethyl- 2-« trimethyl siloxy- 
allyl chloride in the presence of isoprene gave a mixture of 
Karahanaenone (4) and its isomer 17, in the ratio of 2.5:1 
(Scheme I.B. 4). 

Karahanaenone (4) has usually boon used as a target mole- 
cule to exerrplify a new methodology, as is reflected from the 
reported syntheses. 

I.B. 3 RESULTS AND DISCUSSION 

The objective of the present study has been to explore 

the potential usefulness of the titanium (IX) mediated inter- 

molecular pinacolic coupling reaction to form a key intermediate, 

which can subsequently be rearranged to Karahanaenone (4) . The 

reductive coupling method has been shown to be effective in the 

1 2 

synthesis of unsymmetrical pinacols. ’ It was decided therefore, 
to use this methodology to synthesize the unsymmetrical pinacol, 
1- ( 2 ' -hydroxypropyl) - 4-methyl- 3-cyclohexGnol (_20) • This compound 
was anticipated to serve as the key intermediate in the synthe- 
sis of the seven- membe red monoterpene, 2, 2, 5-trimethyl-4-cyclo- 
hC2ptenone (4) , if the pinacol rearl'angement could be carriGd 
out to effect ring expansion* The synthetic strategy which 
was designed is outlined in Scheme I# Bp 5 , ^ ^ ■ 
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The /3, y-unsaturated ketone/ 4*-niethyl~3-cyclohexenone 
(18) has been prepared as early as in 1946 by Birch, starting 
from 4-methylanisole ( 23 ) , Later, the same comii^ound 18 v^as 
prepared by several groups of workers, by varying the hydro- 
lysis procedure of l-methoxy- 4 -methyl-l/ 4-cyclohexadiene (24) 
to the ketone 13^24-28 

The compound 2 ^ was prepared from p-c resol (^) in quanti- 
tative yield by the well known procedure for methyl ati on of 
phenols and was reduced with lithium and liquid ammonia to 
give 24 (83%), b.p. 62-64»C (15 mm), [lit.^® b.p. 128-130“C 
(250 mm)J . The compound 24 was hydrolysed using 10% aqueous 
sulphuric acid in methanol to yield the /3,'y-unsaturated ketone 
18 (81%), b.p. 68-69°C (18 mm) , [ lit. b.p. 37-37. S’C (2.5 mm)] 
The spectral data of were closely similar to that reported 
in the literature (Scheme I.B*6)* 

The compound was always contaminated with some a,i3-un- 
saturated ketone under the acidic conditions in which the 
enol ether ^ was hydrolysed. In order to acquire reasonable 
quantity of very pure j3,y-unsaturated ketone 18 , it was 
decided to explore a similar but different route, wheroin the 
intermediate enol ethor can be hydrolysed in the absonco of 
mineral acids. 

A b r i ef su rvey o f the pro tec bi ve g roup s aval 1 abl e in the 

30 ' ■ 

synthetic repertoire revealed that the recently described 
mem (methoxyethoxymethyl) ether protecting group would be 
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Scheme l-B-S 



Scheme I‘B*6 
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Scheme 6B-5 





Scheme I*B*6 
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compatible with our need. The availability of several oxygens 
in the protective group to complex with Lewis acids facilitates 
the cleavage of this ether under mild conditions using reagents 
such as zinc bromide and titanium tetrachloride. This prompted 
us to study the Birch reduction of MEM ether of p-cresol# 
followed by hydrolysis of the enol MEM ether with anhydrous 
zinc bromide (Scheme I.B.7). 

The MEM chloride was prepared using a modified procedure 

31 

using paraformaldehyde instead of s«trioxane as reported. 

The MEM ether of p-c resol was obtained by preforming the pheno- 
late ion by treatment with sodium hydride in dry tetrahydro- 
furan at 0^*0, followed by reaction with MEM chloride 28. The 
MEM ether, 29/ 4-'methoxyethoxymethoxytoluene/ was obtained in 
good yield (789^), b.p. 128-132®G (11 mm) . The IR spectrum 

showed peaks characteristic of the ether linkages/ at 1120/ 

■ '-1 ■ 

1100 and 1000 cm . The PMR spectrum gave a singlet at 6 2.33 
i3H) corresponding to the methyl group protons and another 
singlet at 3.36 (3H) corresponding to the mothoxy group protons. 
The ethylonedioxy protons showed a multiplet centred at 3.62 (4H). 
The methylenedio:?^ protons indicated a singlet at 5. 23 (2H) 
and a multiplet appeared for the aromatic protons centred at 
6,89 (4H) (Fig, : I . B.1) . 

The lithium ammonia reduction of MEM ether 2S in the 
presence o't ethanol as a proton source resulted in the forma- 
tion of 4-methoxyeth‘oxymethoxy- 2/ S-dihydrotoluene C^Q) in 
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excellent yield (91%), b.p. 130-135°C (12 miti) . The IR spectrum 
of ^ showed strong peaks at 1665 and 1610 cm , indicating the 

presence of an eriol ether group. Strong absorptions at 1100 and 

-1 

1060 cm appeared due to the ether linkages. The PMR spectrum 
showed^ a slightly split singlet at 6 1.66 (3H), corresponding 
to the vinylic methyl group protons, a broad singlet at 2.66 
(4H) , due to the a Hylic protons and a singlet at 3.33 (3H) 
assigned to the methoxy group protons. The ethylenedioxy 
protons showed as a multiplet centred at 3.53 (3H) and the 
vinylic proton showed again a multiplet centred at 4.84 (IH) . 

A singlet was indicated by methylenedioxy protons at 5.0 (2H) 
and a multiplet appeared at 5,33 (IM) , corresponding to the 
vinylic protons (Pig. 

The crucial hydrolysis of the enol ether was successfully 
achieved under very mild conditions by treatment with anhydrous 
zinc bromide (2 equivalents) in dichloromethane at roan tempe- 
rature* The fi, r-unsatura ted ketone 18 was isolated in 80?^ 
yield without even a trace of a ,jB .-unsaturated ketone ^ as 
impurity. . , 


The synthesis of the unsymmetrical pinacol 20 was conve- 
niently accomplished according to the procedure of Corey and 
coworkers . V Thus the reaction bf the 0 , Y-un saturated ketone 


18 with four-fold excess of acetohe in the presence of Ti (ll) 


species, generated by the action 


of titanium tetrachlorido and 


amalgamated magnesium in anhydrous tetirahyd rdf uran / Under 
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nitrogen a-bmosphere, afforded a mixture of three compounds# 

viz * un symmetrical pinacol 20 1 symmotyical pinacol 2X and 

acetone pinacol*. The unsymmetrical pinacol# 1- (2 ’ -hydroxypropyl) - 

4-methyl«3-cyGlohexenol ( .20 ) was isolated by flash column chromo- 

tography in 57% yield# as a colourless oil. The IR spectrum of 

-1 

2 0 showed a broad absozx^tion at 3425 cm characteristic of the 
hydroxyl group. The PMR spectrum Indicated two very closely 
situated singlets at 61.2 (3H) and 1,22 (3H) which can be 
assigzied to the g^«dimet?iyl group protons. The vinylic methyl 
group protons appeared as a slightly split singlet at 6 1.69 (3H), 
The complex multiplet centred at 1.95 (8H) can be assigned to 
the methylene protons and two hydroxyl group protons 
exchangeablo) * The vinylic proton appeared as a broad signal 
centred at 5,32 (IH) (Fig, The mass spectrum showed a 

X 

peak at m/e 152. 1 (H -18) . A small amount of the symmetrical 
pinacol 21 was also isolated (5%)# m,p* 94-95 which was 
charactexukieGi based on the spectral data. 

The reductive coupling reaction to obtain the unsymmetri- 
cal pinacol was done under carefully controlled conditions,, The 
best yield was obtained when the reaction was carried out below 
-10®C and the reaction mixture worked up as soon as the start- 
ing material disappears in the tic analysis (0,75 h). Recent 
studies on the pinacolic coupling reaction by Mundy ^ al. 
stippprt our observation, ' . ^ 
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According to the strategy planned, the pinacol rearrange- 
ment of the unsymrnetrical pinacol 20 would lead to Karahanaenone 
(4) , Dilute or concentrated sulphuric acid has been used for 
pinacol rearrangements for a long time. Meerwin has re- 
arranged a series of glycols of the general formula 31 to get 

3 4 

the ring expansion products using concentrated sulphuric acid. 

a) n^6; R^CH^ 

b) n-6; 

c) n=5; R^CH^ 

d) n =5; R 

The ring size effects in the pinacol rearrangement have also 
been investigated, wherein it was found that when the reactions 
were conducted at 0®C in concentrated sulphuric acid, no elimi- 
nation was observed and good yields of rearrangement products 
35 

vjere obtaihed. During the studies of the applicability of 
the ijinacol rearrangement for the synthesis of spiro ketones of 
various ring sizes, it has been observed again, that the highest 

yields of the spiranones were obtained with concentrated sulphu- 

, - 36 
riG acid. 

With a view to effecting the ring expansion, we treated 
the un symmetrical pinacol 20 with concentrated sulphuric acid 
at 0®C, A complex mixture of products was obtained under these 
conditions and other methods of bringing about this rearrangement 
had to be looked into ^ 
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Corey and coworkers have demonstrated the utility of 

. l2 

un symmetrical pinacols as useful syntVietic intermediates. 

They have found two different trends in the rearrangement of 

the un symmetric al pin ac ol 22 * 1~ { 2 ‘ - hydrox3j7p rqpyl ) eye 1 o- 

hoxanol ( 32 ) was treated with boron tri fluoride e the rate in 

dichloromethano at 0*^0, the methyl group was found to migrate 

to give 33 and treatment with perchloric acid (70%) at -20®C, 

resulted in ring expansion yielding 2 / 2-dimGthylcycloheptanone 

(34) / as depicted in Scheme When the unsymmetrical 

pinacol 20 was subjected to perchloric acid treatment, it again 

gave rather a complex mixture of products. Failure to achieve 

the desired ring expansion using mineral acids can be attributed 

to the presence of the double bond in 20 . The easy protonation 

of the double bond in the presence of acid might have been the 

major competing reaction. 

Unsuccessful attempts to effect the crucial ring expan- 
sion of the key intermediate 20 / prompted us to explore the 
possibility of effecting such a rearrangement by the use of 
Lewis acids* Ferric chloride adsorbed on chromatographic silica 

gol has been found to be effective for dehydration of alcohols 

37 

as well as for pinacol and acyl oin type rearrangements* 

Therefore, WG treated the unsymmetrical pinacol 20 with ferric 

37 

chi oride on silica gel , prepared by the reported procedure , 

The compound ^ was found to remain inert towards this Lewis 
aci d on the solid support , The un symme trie al p in ac ol 20 was ' 



115 


Corey and coworkers have demonstrated the utility of 

1 2 

un symmetrical pinacols as useful syntVietic intermediates. 

They have found two different trends in the rearrangement of 
the unsymmetrical pinacol When 1~ (2 ‘ -hydroxypropyl) cyclo- 

hoxanol (^) was treated with boron tri fluoride e the rate in 
dichloromethano at 0*^0, the methyl group was found to migrate 
to give ^ and treatment with perchloric acid (70%) at -20®C, 
resulted in ring expansion yielding 2 / 2-dimGthylcycloheptanono 
(M) ^ as depicted in Scheme I.B.B. When the unsymmetrical 
pinacol 2 ^ was subjected to perchloric acid treatment, it again 
gave rather a complex mixture of products. Failure to achieve 
the desired ring expansion using mineral acids can be attributed 
to the presence of the double bond in 20 . The easy protonation 
of the double bond in the presence of acid might have been the 
major competing reaction. 

Unsuccessful attempts to effect the crucial ring expan- 
sion of the key intermediate prompted us to explore the 
possibility of effecting such a rearrangement by tho use of 
Lewis acids* Ferric chloride adsorbed on chromatographic silica 

gol has been found to be effective for dehydration of alcohols 

37 

as well as for pinacol and acyl oin type rearrangements* 

Therefore/ WG treated the unsyiTimetrical pinacol 20 with ferric 

37 ' ' ■ 

chloride on silica gel/ prepared by the reported procedure. 

The compound 20 was found to remain inert towards this Lewis 
acid on the solid support* The unsymmetrical pinacol 20 was ' 



116 


also subjected to treatment with titanium tetrachloride in 
solvents such as tetrahydrofuran and methylene chloride at O^C 
and lower, which did not yield any useful product. 

At this point; we decided to investigate the behaviour 

of the \m symmetrical pinacol 20 tov/ards boron tri fluoride 

e the rate. Boron tri fluoride etherate has been effectively used 

in the synthesis of spiroketones starting from 1; 1 '-bicyclo- 
36 

diols. Although it is well-]cnown to bring about ring expansion 

by pinacol rearrangement; we were hesitant to use this reagent 

12 

earlier on the basis of the reports by Corey et al. However; 
when the un symmetrical pinacol ^ was exposed to boron trifluo- 
ride etherate in dichl or ome thane at 0®C for 12 h, a mixture of 
two products was obtained in about 82% yield (Scheme 

i 

The GC-MS analysis ( 10 % SE-30/ 140®C) indicated the presence of 

4. 

two components with molecular ion peaks at m/e 15 2 (M ), in the 

ratio of 70:30, The cmde product mixture was purified by 

preparative gas chromatography (10% SE-30, 140®C) to yield 

Karahanaenone (4, 57%) , as a pleasant smelling oil, (semicarba- 

■ 16 ' 

zone, m.p. 164- 168 ®C), The spectral data were closely similar 

15 

to that reported for the natural product* The IR spectrum 

'■ -1 ■ 

showed an absorption at 1710 cm indicative of the carbonyl 
group* The PMR spectrum showed a sharp singlet at 6 1*08 (6H) : 
corresponding to the gem -dimethyl group protons and another 
slightly split singlet at 1.67 (3H) due to the vinylic methyl 
group p rotons , The methyl one protons showed as a broad mul tiplet 
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Scheme I*B-9 
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centred at 2*25 (4H) and a broad triplet at 2.74 (2H, J = 7 Hz). 
The vinylic proton appeared as a broa^ signal at 5.5 (IH) 

(Fig, 1*6.4). The mass spectrum indicated the molecular ion 
peak at m/e 152.1 (M ), Other important fragments in the 
spectrum were at m/e 137/ 109/ 97, 95, 81, 79, 70, 69, 67, 55, 

1 5 

53, 43, 41, identical to those reported for the natural terpene. 

The minor product ^ (24%) obtained from the preparative 

gas chromatography was characterized to be the isomer of 

Karahanaenone. The IR spectrum showed a strong absorption at 
-1 

1710 cm typical of a keto group. The PMR spectrum showed a 
sharp singlet at 6 1,12 (6H) which con be assigned to the gem- 
dimethyl group protons and another singlet at 1.66 (3H) corres- 
ponding to the vinylic methyl protons. The methylene protons 
showed two multiplets centred at 1.88 (2H) and 2.24 (2H), 
respectively, A complex doublet was indicated by the allylic 
methylene protons, adjacent to the carbonyl group, at 63,18 
(2H), The vinylic proton appeared as a complex multiplet 
centred at 5.32 (IH) (Fig. I,B,5). The mass spectrum showed 
a molecular ion peak at m/e 15 2.1 (M ) , Other important frag- 
ments were at m/e 124, 109, 95, 81, 67, 56 and 53. 

In order to prove thah the two compounds obtained in the 
boron tri fluoride etherate catalysed rearrangement of the un- 
symmetrical pinacol 20 differ just in the position of the double 
bond, a hydrogenation was carried out at atmospheric pressure, 
on the crude reaction product in the presence of platimim oxide 
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-Fig., I-B-S (90 MHz) 
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in ethyl acetate. The hydrogenation yielded a single ji^roduct 
(95%) , the GC analysis (10% SE-30/ 140°C) of which showed it to 
be 98% pure (Scheme I.B. 10). The compound was identified to be 
dihydrokarahanaenone (37) , The spectral data were closely similar 

to that reported. The IR spectrum showed a strong carbonyl 

-1 

absorption at 1700 cm , The PMR spectrum indicated a doublet at 
6 0.95 (3H, J=6 Hz) f attributed to the methyl group protons. A 
sliarp singlet at 1,06 (6H) can be assigned to the gem -^dimethyl 
group protons. The methylene protons apjjeared as a multiplet 
centred at 1.64 (6H) and the methylene protons adjacent to the 
keto group showed a multiplet at 2,7 4 (2 h) , The methine proton 
appeared as a multiplet centred at 2,28 (Hi) (Fig, I.B, 6), The 
mass spectrum showed the molecular ion peak at m/e 154,1 (M )^ 
thereby confirming it to be the dihydroderivative of 4. 

It is of interest to note diat the boron trifluoride etherate 

catalysed ring expansion of the un symmetrical pinacol 2^ did not 

give rise to any of the methyl ketone although methyl ketones 

. , ■ X 2 

of this type were the maj or products under similar conditions. 

Mention may be made here that Karahanaenone (4) was not as unsta- 

18 

ble to Lewis acids as was reported in the literature. 

I.B. 4. EXPERIMENTAL 

General procedures adopted for the reactions# purification 
of reagents and solvents were the same as are indicated in 1. A, 4i 
Absolute ethanol was prepared by distilling the rectified spirit .< 
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from sodium followed by magnesium ethoxide. Anhydrous liquid 
ammonia was obtained by distillation from sodium. Magnesium 
turnings were cleaned by washing with dilute hydrochloric acid, 
followed by distilled water, until the washings were neutral to 
litims; washed with acetone and dried in the oven at ca. 120®C 
for 6-8 h* Dimethyl sulphate, b.p, 7 2-73®C (13 mm) and boron 
trifluoride etherate, b.p. 46®C (10 mm) were purified as 

OQ 

recommended. Titanium tetrachloride was obtained from Riedel- 
Dehheneg AG Seel ae- Hannover. Anhydrous ainc bromide was obtain- 
ed from Koch-Light Laboratories Ltd. 

Chromatographic techniques as described in I .A. 4 were 
used. Collection of physical data was done using the different 
instruments mentioned in I. A, 4. The GC analyses were done on 
a Varian Gas Chromatograph, 

I,B,4.1 Preparating of Starting Materials 

The GOirpound 4-methylanisole (^) was prepared by the 
reaction of £-cresol { 22 ) and dimethyl sulphate in the presence 
of sodium hydroxide, b.p. 168-170®C (760 mm). 

Preparation of Methoxyethoxymethyl chloride ( 28 , MEM chloride) 
CHgCX:H,CH^OH + CH^OCH^CH^OCHjCl 
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reaction of jg-cresol ( 22 ) and dimethyl sulphate in the presence 
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3 2 2 2 n 3 2 2 2 j 
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A mixture of methoxyethanol 76 g# 1 mol) and para- 

formaldehyde (^/ 30,3 g, 1 mol) was treated with dry hydrogen 
chloride gas in a steady stream, with stirring at 0®C, until 
the reaction mixture became clear. The resulting solution was 
diluted with pentane (300 mL) and dried over anhydrous magnesium 
sulphate (50 g) at 5®C for 3 h. The solution was filtered and 
pentane was evaporated to afford 94 g of MEM chloride 2§. (76%) , 
b.p. 50-52®C (13 mm) . 

I • B. 4, 2 Preparation of 1-Methoxy- 4 -methyl- 1, 4-cyGlohexadiene ( 24 ) 



A solution of redistilled 4-mathylanisole ( 23 , 20 g, 

164 mmol) in tetrahydrofuran (150 mL) and absolute ethanol 
(40 mL) was added to redistilled liquid ammonia (500 mL) , Small 
pieces of lithiixm ribbon (5.7 g, 820 mmol) were added over a 
period of 0. 25 h* Stirring was continued by means of a mecha- 
nical stirrer for 0,5 h, when the blue colour of the solution 
disappeared, Animonium chloride solid was added until the excess 
lithium got destroyed. Ammonia was allowed to evaporate at 
room tenperature. The curdy iDrecipitato was dissolvod in water 
and extracted with ether (4 xlOG mL). The ether extract was 
washed with brine until the washings were neutral to litmus and 
dried over anhydrous magnesium sulphate* The solvent was 
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evaporated under reduced pressure and distilled to afford 17 g 
of ^ (83%), b.p. 62-64“ (15 mn) , [lit. b.p. 128-130“C 
(250 mm) j . 


I,B.4.3 Preparation of 4--Methyl-3~cyclohexenone (18) 



A solution of 24 (5.0 g/ 40.3 mmol) in methanol (20 mL) 
was thoroughly shaken with 10% sulphuric acid (200 mL) for ten 
minutes* The mixture was extracted with ether (2 xlOO mL) . The 
ether extract was washed with brine (2 xloO mL) and dried over 
anhydrous potassium carbonate. Evaporation of ether followed • 
by distillation afforded 3.6 g (81%) of 18, b.p* 68~69*C (18 mm), 
[lit. b.p. 37-37. 5°C (2.5 irati)]. 

IR (thin film)! 1720 (5 ^c_q) • 

PMR (CGl^) i 1.79 (m, 3H, -CH )? 2.42 (m, 4H, -CHg) ; 2.75 
(m, 2H, -CH^) ; 5.46 (m, IH, vinylic). 


X • B . 4 . 4 


Preparation of 4-Methoxyethoxym ethoxy toluene ( 29 ) 



2 - 2 ^ ^ : ^ ^29 
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22 29 
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To a suspension of sodium hydride (11.3 g of a 50% oil 
dispersion, washed thrice with dry petroleum ether, 236 mmol) 
in anhydrous tetrahydrofuran (20 mL) , v/as added dropwise over 
1 h, a solution of p-cresol (12.7 g, 118 mmol) in tetrahydro- 
furan (60 mtj) at ca. 0®C, The reaction mixture was stirred at 
0®C until the hydrogen evolution ceased and then for an addi- 
tional 0.25 h at room temperature (SO'^C) , To the resulting 
mixture at O^C, MEM chloride (22 g, 177 mmol) was added dropwise 
over 1 h. The reaction mixture was warmed to room temperature 
and stirred for 36 h. Excess sodium hydride was destroyed by 
careful addition of water and the reaction mixture was extracted 
with ether (3 xlOO mL) , The combined extract was washed with 
20% agueous sodium hydroxide solution (2x50 mL) , followed by 
brine. The ether extract was dried over anhydrous magnesium 
sulphate, filtered and concentrated. Distillation of the crude 
product gave 17.9 g (78%) of the MEM ether 2 ^, b,p, 128-132®G 
(11 mm) , 

IR (thin film) j 1220, 1100, lOOO C^c-O-C^ * 

PMR (CCl^) : 2.33 (s, 3H, -CH^) ; 3.36 (s, 3H, 

3.62 (m, 4H, -CH^); 5.23 (s, 2H, -CH^) ; 6.89 (m, 4H, aromatic) , 

I,B,4.5 Preparation of 1-Methoxyethoxymethoxy- 4-methyl-l, 4- 
cyclohexadiene (30) 


OMEM OMEM 
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Lithium metal (2.4 g, 345.8 mmol) was added rapidly with 
efficient mechanical stirring to redistilled liquid ammonia 
(400 mL) . After stirring for 0.25 h, a solution of 29 (10*2 g, 
52 mmol) in dry tetrahydrofuran (40 mL) and absolute ethanol 
(10 mL) was added dropwise over 0*3 h* The reaction mixture 
was refluxed for 3 h. The excess lithium was carefully 
destroyed by the addition of solid ammonium chloride. The 
ammonia was allowed to evaporate. The curdy paste was taken 
in water and extracted with ether (5 xlOO mL) . The ether 
extract was washed with brine (lOO mL) and dried over anhydrous 
magnesium sulphate. The solution was filtered and evaporated 
to afford a liquid which was distilled to give 9.28 g (91%) of 
20, b.p. 130-135°C (12 mm) 

IR (thin film): 1665, 1610 (^^=0-0^' • 

4 ■ 

PMR (CGl^): 1,66 (s, 3H, ; 2*66 (hr, s, 4H, -CH^) ; 

3.33 (s, 3H, -CH^); 3.53 (m, 4H, -CH^); 4.84 (s, IH, vinylic); 
5,0 Is, 2H, -CH^) ; 5,33 (m, IH, vinylic). 

I.B,4.6 Deprotection of the Dihydro MEM Ether 30 with Anhydrous 
Zinc Bromide 


■: 12 . ■ IS. 

To a solution of l-methoxyethoxymethoxy~4-^methyX-l,4- 
cyclohexadiene ( 30 , 8.9 g, 45 mmol) in dichloromethane (300 mL) 
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containing 1% nitrome thane/ was added anhydrous zinc bromide 
(20,25 g, 90 mmol) in portions with efficient mechanical stirr- 
ing. The resulting mixture was stirred at room temperature for 
3 h and then was washed successively with saturated sodium 
bicarbonate solution (50 mb) and brine (50 mb) , The aqueous 
washings were extracted with ether (2 x50 mb) and the combined 
organic extract was dried over anhydrous magnesium sulphate, 
filtered and concentrated to afford 4,28 g (80%) of 1^, b,p, 68~ 
egoc (18 mm), b.p. 37-37, 5®C (2.5 mm)]. 

IR (thin film): 1720 • 


1 ,0.4,7 Preparation of 1- (2* -hydroxypropyl) - 4-methyl- 3-cyclO‘ 



To a solution of mercuric chloride (1,85 g, 6,83 mmol) 
in anhydrous tetrahydrofuran (30 mb) , were added freshly cleaned 
magnesium turnings (6,01 g, 247.3 mmol) and the resulting 
mixture was stirred at room temperature under nitrogen atmosphere 
for 0,25 h. The turbid supernatant liquid was withdrawn by 
syringe and the amalgam was washed with three portions (15 mb) 
of tetrahydrofuran. The reaction mixture was cooled to -10®C 
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after adding tetrahydrofuran (90 mL). Titanium tetrachloride 
(23, 49 g, 13.6 mL, 123.6 mmol) was added dropwise. The walls 
of the reaction flask were washed with THF (20 mt) and a solu- 
tion of 4-methyl- 3- cyclohexenone (18, 3.4 g, 30.9 mmol> and 
acetone (6.98 g, 120,4 mmol) in tetrahydrofuran (30 mL) was 
added. The purple reaction mixture was stirred for 0,75 h at 
-10®C and then treated with 10% aqueous potassium carbonate 
solution (lO mL) briefly for ten minutes. Ether (100 mL) was 
added and the mixture was filtered through a pad of celite and 
sand layers/ packed alternatively. The filtrate was washed with 
saturated sodium chloride solution (50 mL) and dried over 
anhydrous magnesium sulphate. The ether extract was filtered 
and concentrated to afford a viscous oil. The crude product 
was purified by flash column chromatography which yielded , 

0.342 g (5%) of 1, 1 ‘ -di hydroxy- bis (4-methyl- S-cyclohaxene) (21 ) , 
m.p, 94-95°C (elution with 3:7 ether-petroleum ether) and 2.99 g 
(57%) of the un symmetrical pinacol 20 (elution with 3:7 ether- 
petroleum ether) / and also acetone pinacol. 

Symmetrical pi nacol 21 

IR (CHCl^) : 3430 (V. 3 . 

3 u— rl 

PMR (CDC1,)5 1,66 (s, 6H, -CH ) ; 1.2 - 2.6 (m, 14H, -CH^, 
-OH); 5.27 (br, Sy 2H, vinylic) . 

MS (m/e); 204 (ntls), 186, 154, 136, 121, 111, 95, 93, 

86, 81,’'79, 77, 68, 67, 55, 53. : : . , 
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(23, 49 g, 13.6 mL, 123.6 mmol) was added dropwise. The walls 
of the reaction flask were washed with THF (20 mt) and a solu- 
tion of 4-methyl- 3- cyclohexenone (18, 3.4 g, 30.9 mmol> and 
acetone (6.98 g, 120,4 mmol) in tetrahydrofuran (30 mL) was 
added. The purple reaction mixture was stirred for 0,75 h at 
-10®C and then treated with 10% aqueous potassium carbonate 
solution (lO mL) briefly for ten minutes. Ether (100 mL) was 
added and the mixture was filtered through a pad of celite and 
sand layers/ packed alternatively. The filtrate was washed with 
saturated sodium chloride solution (50 mL) and dried over 
anhydrous magnesium sulphate. The ether extract was filtered 
and concentrated to afford a viscous oil. The crude product 
was purified by flash column chromatography which yielded , 

0.342 g (5%) of 1, 1 ‘ -di hydroxy- bis (4-methyl- S-cyclohaxene) (21 ) , 
m.p, 94-95°C (elution with 3:7 ether-petroleum ether) and 2.99 g 
(57%) of the un symmetrical pinacol 20 (elution with 3:7 ether- 
petroleum ether) / and also acetone pinacol. 

Symmetrical pi nacol 21 

IR (CHCl^) : 3430 (V. 3 . 

3 u— rl 

PMR (CDC1,)5 1,66 (s, 6H, -CH ) ; 1.2 - 2.6 (m, 14H, -CH^, 
-OH); 5.27 (br, Sy 2H, vinylic) . 

MS (m/e); 204 (ntls), 186, 154, 136, 121, 111, 95, 93, 

86, 81,’'79, 77, 68, 67, 55, 53. : : . , 
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Unsyinmetrical pinacol 20 

IR (CHCl^); 3425 ( * 

PMR (CDCl^); 1*2 (s, 3H, -CH^) ; 1*22 is, 3H, ~CH^) ; 

1.69 (s, 3H, ^CH^); 1.48 - 2.44 (m, 8H, -CH^, -OH); 5,32 (br, 

S/ 11b vinylic), 

MS (m/e): 152 (M*^-18)^ 137, 119, 111, 110, 94, 93, 91, 

86, 84, 81, 79, 68, 59, 55, 43, 

Anal, for ^io^l8^2* 78.94; H, 11,84, 

Found C, 78,84; H, 11.91. 

I,B.4,s Ring Expansion of Diol 20 

BF^.EtoO 
3 2 ^ 

-ch-cTT-^ 

4 ^ 

To a solution of unsymmetrlcal pinacol 22 ^ mmol) 

in dichloromethane (4 mL) , added boron trifluoride etherate 
(0,284 g, 2 mmol) at ca* 0®C. The reaction mixture was stirred 
for 12 h at 0°C under nitrogen atmosphere. Cold water (10 mL) 
was added and the reaction mixture was extracted with ether 
(3x20 mL). The combined organic extract was washed with cold 
saturated sodium bicarbonate solution (10 mL) , followed by 
brine (10 mL), The ether extract was dried over anhydrous 
magnesium sulphate, filtered and Goncentrated to afford 0, 24 g 
(82%) of a mixture of two products in the ratio 30 : 70 (GG-MS, 
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M = 152,1), The crude product mixture was purified by prepa-- 
rative gas chromatography (10% SE~30, 140®G)^ to yield 0.072 g 
(24%) of 2, 2, 5-trimethyi-4-cyGloheptenone (^) and 0,16 g 
(56.6%) of 2, 2, 5~trlmethyl~3-~cycloheptenone (4). 

Compound ^ 

IR (thin film) ; 1710 • 

PMR (CDCl^) ; 1,12 (s, 6H, -CH^) 7 1.66 (s, 3H, -CH^) ; 

1.78 --2.4 (m, 4H, -CH^) 7 3,18 (d, 2H, -CH^); 5.32 (m, IH, 
vinylic) , 

MS (m/e)! 152.1 (m'*') , 124, 109, 95, 81, 68, 67, 56, S3. 
Karahanaenona (4) 

I,. .. PTr ..... 

IR (thin film): 1710 

PMR (CDCl ) ! 1.08 (s, 6H. -CH^) ; 1.67 (s, 3H, -CH^) ; 

2.25 (m, 4H, -CHj) ; 2.74 (t, 2H, -C:H 2 , J=7 Hz); 5.5 (br, IH, 
vinylic) . 

MS (m/e)! 152.1 (m"*") , 137, 109, 97, 95, 81, 79, 70, 69, 
67, 55, 53, 43, 41. 

I.B.4.9 Preparation of Semicarbazone of 4 

To a solution of 0.016 g (O, 15 mmol) of semicarbazide 
hydrochloride and sodium acetate (0,02 g, 0,24 rmnol) in water 
( 1 mil) was added c ompound 4 (’0 , 015 g, 0 .1 mmol) in ethanol 
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1 ,8,4.9 Preparation of Semicarbazone of 4 

To a solution of 0.016 g (0,15 mmol) of semicarbazide 
hydrochloride and sodium acetate ( 0,02 0. 24 mmol) in water 

(1 mb) was added comp (’0,015 g, 0.1 mmol) in ethanol 
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(1 mL) and heated on the water bath at 70® for 0,24 hr. On cool- 
ing# colourless crystals of seinicarbazone which separated out 

were collected by filtration (0.019 g# 95%), The semicarbazone 

1 

was recrystallized from ethanol, m.p,164-68®C (lit. m,p. 166- 
168®C) . 

I, B, 4,10 Hydrogenation of the C rude Reaction Product of Ring 
E>{pansion Reaction 

37 

A solution of the mixture of isomers from the rearrange- 
ment reaction (0*03 g) and platinum oxide (0,005 g) in ethyl 
acetate (2 mL) was stirred under an atmosphere of hydrogen for 
2 h. The catalyst was filtered off and the solvent was evapora- 
ted to afford 0,028 g of a liquid. The GC - analysis (10%# 

SE-30# 140®C) indicated the presence of only one conpound (98% 
pure) , 

Dlhydrokarahanaenone (37) 

IR (thin film) s 1700 . 

PMR (CDClg): 0,95 (d, 3H, -CH^, J = 6 Hz) ; 1,06 (s, 6H, 

-CH^) ; 1.64 (m; 6H, -CH^) ; 2,74 (m# 2H# -CH^) ; 2. 28 (m# IH, -GH) . 

MS (m/s) i 154,1 (M^) , 139# 121, 111# llO, 97# 95, 85# 83, 
69 , 55 , ' 41 ,: : 
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CHAPTER II 


(PART A) 

STUDIES DIRECTED TOWARDS THE SYNTHESIS OF THE 
SEX PHEROMONE OP CIGARETTE BEETLE (SERRICORNIN) 

II, A, 1 ABSTRACT 

The insect sex pheromone of cigarette beetle ( Lasioderma 
serricoxme P . ) # a cosmopoli tan pest of cured tobacco leaves# 
has been the target molecule for the synthesis which has been 
achieved in twelve simple steps starting from readily available 
materials* The Inherent symmetry possessed by the pheromone# 

4# 6-dimethyl-7-hydroxy-3~nonanonG^has been made use of>ln 
devising the synthetic strategy. In the course of the synthetic 
efforts# methodology has been developed for the c i s- hyd r oxvl 
tion of olefins under anhydrous conditions using a stable and 
inexpensive reagent, cetyl trimethyl ammonium permanganate. 
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II. A, 2 INTRODUCTION 

Chemical insecticides have become the predominant method of 
insect control, biit their future is threatened by several intract- 
able problems. The development of insect resistance to the gene- 
ration of insecticides is recognised as a growing problem. 
Environmental damage to wildlife, eradication of beneficial 
insects and contamination of food by pesticide use are causing 
increasing concern. 

As present insecticides become less effective, the develop- 
ment of new insecticidal compounds is becoming increasingly 
expensive. The search for broad spectinam insect toxicity could 
gradually be abandoned and a more selective 'biorational approach’ 
be adopted. This strategy will encompass a thorough study of 
the physiology and biochemistry of the ‘target’ insect species. 

Tho aim will be to disrupt insect moulting, ma'ting, egg-laying 
etc. Pesticide agents developed in this way will not be subject 
to the maj or,' inherent limitation of conventional chemical insecti- 
cides; they will be directed against a specific species of 
insects, leaving the remaining ecosystem of predatory insects, 
birds, wildlife and crop plants, undamaged. 

One of the most promising and revolutionary type of these 
new insect control agents is the class of pheromones. Synthetic 
pheromones do not kill insects, but are capable of disrupting 
their normal behaviour* Their composition duplicates that of 
natural messenger compounds controlling insect mating, foraging , 
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aggregation or response to danger* Pheromones (from Greek, 
pherin - to carry and horman ~ to excite) are classified accord- 
ing to the response they elicit* Sex pheromones are secreted 
by one sex to attract the other as an initial part of the mating 
process. They can be produced by either sex, though those pro- 
duced by the female tend to be more effective over long distances* 
The compoionds ■which comprise insect pheromones vairy widely in 
type and structure but all pheromones are found to have some 
common characteristics. They all are mixtures of compounds* 

Of critical importance are the relative amounts of various 
compounds in a pheromone mixture* Each component must be present 
in the correct ratio if the pheromone is to be eff ectivo in 
attracting insects or modifying their behaviour. 

No less than seven compounds have been isolated as compo- 
nents of the sex pheromone of the female tobacco budworm 
( Heliothls v Ire seen s ) * Two of the compounds by themselves 
arouse the male budworm but the seven ••compound mixture attracts 
five times more males in field tests. 

Since pheromones are carried by air currents, they must 
contain volatile compounds* This requirement imposes an upper 
limit on the size of the molecules encountered in pheromone 
mixturGs. Most of thorn havo less than twenty carbon atoms and 
these aro often arranged in straight chain structures. Even 
with such relati’vely simple moleculos, a largo number of chemical 
isomers are possible and it is surprising that most insect 
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species are able to distinguish enantiomers in pheromone 
mixtures. 

The enantiomeric composition of a pheromone component 
might or might not be critically important in determining the 
response of the insect. In some species, the presence of one 
enantiomer inhibits the effect of the other. This is the case 
for the Japanese beetle * Popillia ioponica ' which responds to 
a pheromone mixture only when it contains atleast 9S% of the 
active enantiomer. 

The ability of an insect to respond very selectively to 
one enantiomer does not necessarily preclude the use of an 
optically inactive mixture in synthetic pheromones. In the 
species * Trogodorma granarlum * the male responds actively to 
(-) 14-methyl-8-hexadecanal, but the presence of the (t) enan- 
tiomer does not interfere with the insect's response. The 
ambrosia beetle ' Trypodegdron leniatum * responds equally well 
to both the enantiomers. Such insect species are more vulnerable 
to disruption of their pheromone communication since the manu- 
facture of a synthetic pheromone would bypass the very substan- 
tial complexity introduced when optically active compounds are 
prepared and isolated. 

Pheromones are usually produced in extremely small amounts 
(female insects generally produce 1-20 ng of sax pheronone) * 
Separating and identifying the minute amounts of compounds in 
pheromone mixtures pose a difficult challenge for the laboratory 
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worker. Pheromone samples are extracted from insect glands 
or absorbed from the airstream supplied to a group of insects* 

The components are generally separated by gas chromatography 
and the structure of each component is determined by spectro- 
scopic techniques like high resolution infrared, proton magnetic 
resonance and mass spectromotry. 

The high activity of pheromones at extremely low concen- 
trations is an advantage when pheromones are manufactured and 
deployed. The action of a pheromone is highly specific. Amounts 
that Gan disrupt mating or other behaviour of one harmful insect 
species have virtually no effect on other insects# birds or 
animals. Thus# the pheromone can act in unison with natural ^ 
prodatops of the insect pest in halting an infestation rather 
than destroying them. 

Although most of the pheromones possess simple structures, 

the presence of n systems and chiral centres in their structural 

framework, together with their stereospocif icity has rondorod 

many syntheses non-trivial and has posed a considerable challenge 

12 

in designing the synthetic strategy, ' 

The cigarette beetle ( basioderma serricome F , ) is a 
serious cosmopolitan pest of cured tobacco leaves. In the 
course of chemical studies for the pest management of the 
cigarette beetles#' a sex pheromono produced by the beetles was 
isolated i In 1979# Ghurrian coworkers reported the isolation 

and structural elucidation of this novel sox pheromone and 
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identified it as 4, 6- dimethyl- 7 “-hydroxy- 3 -non an one (1.) based on 

3 

the IR, PMR and CMR data. The pheromone was isolated in a 
minute quantity from the body of 65,000 female cigarette 
beetles and the preparative gas chromatographic purification 
was effected on the acetate of the sox pheromone 2 ( ca . 1*5 mg) 
as the pheromone itself was found unstable towards heat. The 
structure of the pheromone was confirmed by Chuman et^ by 
carrying out two non-steroospecific syntheses to obtain the 

4 5 

pheromone/ named as Serricomin, as a diastereomeric mixture, * 
However, the absolute stereochemistry at the three chiral 
centres remained unknown, 

1, R == H 
2/ R = OGOGH^ 

In 1981, Mori and coworkers synthesized (4R5/ 6R, 7R)-_1 
and (4RS, 6R/ 7s)-l established the (6S, 7S) stereochemistry 
of the natural product. As the chiral starting material, 

(2S, 3S)-threo-3-methylmalic acid (Ji) and diethyl (2R, 3S)- 
erythro- 0-mGthylmalate (1^) were employed and two diastereomers 
were independently synthesized in seventeen steps^. The unknown 
configuration at C-4 was determined by - the synthesis of 
(4S,6R,7R)-d/ starting from glucose (11) in about nineteen 

stops and the absolute ’ stereochemistry of Serricomin was 

, 7 , 

assigned to be (4;g> bS, 7S)-1' (Scheme I IvA^ l and II .A^ 2) • 
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The synthesis of the actual pheromone with its absolute 
stereochemistry is yet to be achieved. The symmetric 
molecular framework of Serricomin attracted our attention when, 
it was first reported. With a view to synthesizing one or more 
of the isomers, wo took up this project when the absolute confi- 
gurations at the three asymmetric centres were not known. 

II.A,3 RESULTS AND DISCUSSION 

The inherent symmetry possessed by the pheromone structure 
offers attractive possibilities for the retro synthetic analysis. 
Different synthetic strategies which have emerged from a 
straightforv'/ard retrosynthetic analysis are outlined in 
Scheme 1 1. A, 3. In the absence of any knowledge about the 
absolute configuration at the three chiral centres/ initial 
attempts were focussed on a non stereo specific synthesis of the 
pheromone 1. 'Path A' would lead by antithetic analysis to a 
reaction involving -two molecules of 3-pentan on a suitably substi- 
tuted at the a -position, allowing for coupling via a methylene 
equivalent. 'Path B' would suggest a Grignard reaction with 
the a-bromo derivative of a suitably protected 3-pentanone 
and ethyl formate. The advantage of 'path C would be that the 
me so and dl forms of the intermediates could be separated at an 
appropriate stage so that one or more of the stereoisomers can 
be synthesized* 
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The first approach that was studied was the dialkylation 
of malonic ester with the bromoacetal 17 (X = Br) • Three 
different methods were looked at to synthesize VI* Bromination 
of 3-*pentanone followed by acetalization with ethyl one glycol 
in the presence of p-toluenesulphonic acid gave a very poor 
yield of the desired bromoacetal* An alternative method con- 
sisting of acetalization of 3-pen tcin one with ethylene glycol ^ 
followed by bromination using phenyl trimethyl ammonium tribromide 
(PTT) ' in tetrahydrofuran also gave inferior yields* Attempted 
one-pot reactions using excess cupric bromide in ethylene glycol 
dioxan^^ and bromine- ethylene glycol^ ^ gave a mixture of 
products* On the other hand, reaction of 3-pen tanone with 
phenyl trimethyl ammonium tribromide and excess of ethylene glycol 
in tetrahydrofuran at room terrqperature yielded the bromoacetal 
in 90% yield. Further work which was carried out to examine 
the scope and utility of this one-pot a-bromoacetalization 
reaction is dealt with in detail in Chapter II (Part b) of this 
thesis* All our attempts to effect the dialkylation of diethyl- 
malonate 18 (y ~ COOEt) with the bromoacetal 17 "were futile, 
presumably due to the steric hindrance caused by the bulky ketal 
groups. In the light of similar observations made in several 
experiments in this direction, further work along this route 
was given up* Efforts to bring about the union of two five- 
carbon units of 17 through a Qriqnard reaction on ethyl formate 
(21) also proved ecruallv fruitless* 
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An alternative route that was envisaged would involve 

2/ 4~dicyai‘iopentane (^) as an important intermediate. This was 

achieved in three simple steps in the place of the circuitous 

12 

route reported. Reduction of acetyl acetone with sodium boro- 

hydride yielded 2/ 4«pentanediol (22) as a mixture of racemic 

1 3 

isomers in 80?^ yield. In this reduction^ the borate 
esters formed could be used to separate the me so and racomic 
forms* The borate ester formed from tho racomic mixture is 
easily hydrolysed to tho diol whereas, the cyclic meso -borato 
ester 2^ is more resistant to hydrolysis* Tho mo so diol was 
the major product of the reaction with only vary small amount 
of the racemic mixture. The diol 2£ was converted to 2,4-di-. 
chloropentane in quantitative yield. The dichloropentane was 
transformed into 2, 4-dicyan open tane <22^ in good yield (70%) 
using the known procedure for the conversion of secondary chlo- 
rides into nitriles. The Grignard reaction with two equiva- 
lents of ethyl magnesium bromide (^9/ X - Br) was performed on 
this meso -2/ 4-diGvanopent.ane (20) which did not proceed smoothly 
as expected. Several modifications were tried to carry out this 
reaction,which proved fruitless. At this stage, further work 
along this route was abandoned. 

Another antithetic analysis of tho target molocule 
revealed a more promising route in terms of stGroochemical 
control at C-f4 and C^6 and the overall strategy is described 
in Scheme II . A. 4. 
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The preliminary consideration of the two strategies 
revealed 'path B' to be simple in terms of the molecular frame- 
work manipulation# provided the cycloaddition reaction can be 
performed in decent yields. Since S-hexyno ( 31 ) as such is an 
inactive dienophile, we tried to find out a suitable six carbon 
3-ene or 3-yne system, activated by groups such as carbonyl at 
2-position. A quick search in the literature indicated the 
scarcity of such dienophiles duo to the difficulties encounterod 
in their preparation. Hence, our initial attempts wore focussed 
on adding 3-hexyne (^) onto cyclopentadiene (^) ♦ As anticipat- 
ed, this cycloaddition was difficult to perform and under a 
variety of thermal conditions no useful product could be 
obtained. 

The synthetic strategy which finally culminated in the 

synthesis of the target molecule, started with the facile [4+2j. 

cycloaddition of cyclopentadiene (^) and benayne (29) , which 

was generated ^ situ to furnish benaonorbomadiene ( 26 ) . Of 

all the methods, the one used by Friedman and ■ Logullo was found 
15 

to be the best and 26 was prepared conveniently in fair yield 
(60%) using this method. 

The key intermediate in this route is 1, 3-dimethylindana 
(27) . The methods that exist in the literature for the . synthe- 
sis of 27 are rather circuitous^ ^ or suffer from low yields. 

The present route envisaged to synthesize 27 is summarized in 
Scheme II,A.5. 
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The di aldehyde ^ could be synthesized directly from 26 

by a variety of procedures available in the literature for the 

cleavage of carbon-carbon double bonds. When benzonorboma- 

diene was treated v/ith sodium metaperiodate and catalytic amount 

of osmium tetroxide# in 1:1 water- THF system (Lemieux- Johnson 

procedure) , although a fairly clean reaction took place, it 

was difficult to isolate the pure product after extractive 

work-up. Ogino and Mochizuki have reported the selective oxida- 

•tion of olefins to 1, 2~diols or aldehydes^ using potassium 

permanganate and ben zyltri ethyl ammonium chloride in dichloro- 

me thane, dopending upon the pH of the aqueous solution used for 

l9 

cleaving the organ omang an ese intermediate. The compound 26 
on oxidation under these conditions proceeded fairly smoothly 
but the isolation of the di aldehyde ^ was complicated by 
decomposition during the process of concentration. 

Having failed in the isolatJ.on of the dialdehyde ^ in 

the one-step oxidative cleavage, the olefin 26 was subjected to 

cis -hydroxvlati on using catalytic amount of osmium tetroxide in 

20 

the presence of N-methylmorpholine-N-oxide in aqueous acetono 
to obtain the diol 3_2 (93%), m.p. 168-169®C, When the diol ^ 
was treated with lead tetraacetate at room temperature in 
benzene, a clean reaction occurred in fivo minutes to afford 
a pale yellow (85%), which was identified as 1, 3 -di aldehyde 
^ based on the speatral data* The reduction of the aldehydic 
groups to the methyl groups would furnish the key intermediate. 
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benzene, a clean reaction occurred in five minutes to afford 
a pale yellow oiJ, (85%), which was identified as 1/ 3-dialdehyde 
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groups to the methyl groups would furnish the key intermediate, 
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The usual Wolf f~Kj,‘shner reduction was observed to be too 
harsh for this sensitive di aldehyde 3^. Hence it was decided to 
convert the dialdehyde to the corresponding di thioacetal . When 
33 was treated with two equivalents of 1, 2-ethanedi thiol in the 
presence of boron trifluoride etherate in dichloromethane at 
room temperature, the di thioacetal ^ was obtained in excellent 
yield { 90 %) , With a view to doing two operations in one pot, 
namely, hydrogenolysis of the di thioacetal s and the reduction 
of the aromatic ring, the di thioacetal ^ was subjected to a 
dissolving metal reduction in the presence of a large excess of 
lithium in liquid ammonia containing alcohol as a proton source. 
Reaction under these conditions afforded a mixture of two 
compounds as major products. One of the compounds was identified 
as the desired dihydrodlmethyliiidane (37) and the other product 
as arising from the partial hydrogenolysis of the thioacetal 
moiety. Attempts to force the reaction to go to completion by 
using larger excess of lithium and longer reaction time proved 
to be futile. Other methods which were being studied simulta" 
neously to convert benzonorbomadiene (26) to the hydrocarbon 
27 gave encouraging results. 

When benzonorbomadiene (26) was subjected to ozonolysis 

in dichloromethane at -78 ®C, followed by reduction with excess 

21 ' ' ■ ■ - 

of sodium borohydride in 50% cold aqueous ethanol,l,3-bis- 

(hydroxymethyl )indane (34) was obtained in good yield (70%) , 
m.p. 99-100®C* The I R spectrum showed an absorption at 3290 cm , 
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typical of the hydroxyl group. The PMR spectrum showed a multi^ 
plet ranging between 61, 64-2, 72 (2H) which can be assigned to 
the methylene protons and a singlet at 2,18 (2H, D^O exchangeable) 
corresponding to the hydroxyl protons* The methine protons 
indicated a multiplet at 3,44 (2H) and the methylene protons 
appeared as a doublet at 3,92 (4H), The aromatic protons 
traced a singlet at 7,3 (4H) (Pig, li, A, 1) . The mass spectrum 
showed the molecular ion peak at m/e 178, 

N ext , the hyd roxyl g ro up has to be sui tabl y ’ tr an s f or med , 

which on reduction would be able to furnish the dimethyl indane 

(27 ) , 01 ah Qjt al, have reported the transformation of alcohols 

to iodides using chlorotrimethylsilane and sodium iodide in 

22 

acetonitrile in quantitative yields. This method appeared to 
be a mild one and the diol ^ was treated with two equivalents 
of sodium iodide and two equivalents of chlorotrimethylsilane 
under nitrogen atmosphere. Surprisingly, no diiodo compound 
(X = I) was found to be formed. This reaction/ which is a 
general reaction with simple alcohols seems to fail in the case 
of di hydroxy compounds. This observation was further confirmed 
by the fact that/ in separate experiments 1/ 5-pentanediol and 
1, S^hexanediol under the same conditions did not give the 
diiodides. 

We next focussed our attention to prepare the ditosylate 
35 (X =5 OTs) from the diol 34. When the diol ^ was treated 
with freshly reGrystallised ^-toluenesulphonyl chloride in 
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pyridine at 0®C, a white solid/ m,p, 105«-106®C was obtained in 
poor yield. Efforts to improve the yield by various manipula- 
tions of the reaction conditions did not give the desired 
ditosylate derivative in satisfactory yields. However/ treat- 
ment of the diol 34 with two equivalents of methanesulphonyl 
chloride and triethyl amine in dichlorome thane at ca. -20®C 
yielded the dimesylate ^ (X = OMs)/ m.p, 134~135®C in very 
good yield (95%) , 

The dimesylate ^ (X = OMs) on reduction with eight equiva- 
lents of lithium alviminium hydride in refluxing ether for two 
hours afforded 1, 3-dimethylindane ( 27 ) in good yield (80%) , 
b.p. 80-82°C (7 mm) [lit.^^ b.p. 202. 3°C (740 im)] . The PMR 

spectrum showed a sharp doublet at 61.3 (6H/ J -7 Hz) assigned 
to the methyl group protons. The methylene protons showed a 
multiplet centred at 6 2.46 (2H) and yet another multiplet was 
shown by the methine protons centred at 3.1 (2H) . The aromatic 
protons appeared as a singlet at 7.15 (4H) (Pig. IX. A. 2) , The mass 
spectrum of ,27 showed the molecular ion pealc at m/e 146. 

The compound on treatment with ten equivalents of 
lithium in liquid ammonia /followed by six equivalents of ethanol 
gave dihydrodimethylindane (37) in 95% yield# b.p. 62-64^C 

— 1 ■■ 

(7 mm) . The IR spectrum of 37 showed absorption at 1650 cm 
typical of the carbon-carbon double bond. The PMR spectrum 
showed a doublet at 61,0 (611/ 0' >= 6 Hz) corresponding to the 
methyl group protons . A conplex multiplet appeared between 
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2,16 and 2,9 (8H) due to the six methylene protons and two 
methine protons. The vinylic protons produced a singlet at 5,74 
(2H) (Fig, II, A, 3), The mass spectrum indicated the molecular 
ion peak at m/e 148.2, 

As encountered earlier, there are two strategies at our 

disposal. The di substituted double bond can be selectively 

cleaved either directly or through the formation of the diol 

as outlined in Scheme Initially/ we directed our 

attention to the oxidative cleavage of the di substituted double 

bond to yield the dialdehyde which can be further reduced 

to give another key intermediate ^/ in the pheromone synthesis. 

18 

E3<posure of the diene ^ to John son- Lemieux reaction conditions 
using osmium tetroxide and sodium metaperiodate led to a mixture 
of products. Treatment of .37 with potassium permanganate solu- 
bilised in dichloromethane by means of benzyl triethylammonium 

chloride at 0®C/ followed by cleaving ‘the mangan ate ester using 

19 

an aqueous solution of sodium acetate and acetic acid at pH 3, 
did not yield any of the required dlaldehyde 39, Attenpted 
ci s - hvd roxvl a ti bn of the diene v/ith potassium iodate end 

iodine in acetic acid at reflux followed by alkaline hydroly- 

. 23 ' ■ ■ - 

sis also failed to give any cis -diol 38. Application of the 

20 

catalytic osmylation procedure of Kelly using 0.1 equivalent 
of osmium tetroxide and 1,3 equivalents of N-methylmorpholine- 
N- oxide in aqueous acetone for 80, h resulted in the formation . ; 
of the dioi m.p, 99-lOO^C in poor yield (25%) . More t^ 
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60% of the starting material was recovered imchanged. Several 

variations were attempted to force the reaction to conpletion, 

such as increasing the amount of osmium tetroxide, carrying out 

the reaction at a higher temperature/ changing the solvent 

system to tert- butanol -water, ter t- bu tan ol-tetrahydrofu ran- water 

and using stoichiometric amount of osmiuim tetroxide-pyridine, 

without much success. The IR spectrum of 318 showed a strong 

-1 

absorption at 3330 cm typical of the hydroxyl group. The PMR 
spectrum showed a doublet at 6 0,98 (6H/ J =6 Hz) corresponding 
to the methyl group protons and a broad multiplet between 1,8 
and 2.7 (8H) due to the methylene, the methine and the hydroxyl 
group protons. The methine protons appeared as a multiplet 
centred at 6 3,96 (2H) (Pig, II .A. 4) . The mass spectrum showed a 
molecular ion peak at m/e 182. 

The poor yield obtained in the above reaction prompted 
us to examine the c i s - hyd roxyl a ti on reaction with different 
reagents, to substitute the expensive and toxic osmium tetroxide. 
Since the reaction was proceeding only to 30% completion and 
major amount of the starting material was being recovered, it 
was felt that the use of osmium tetroxide was not justified. 
Recently, Sargent and Sal a have prepared and used tetrabutyl- 

ammonium permanganate for oxidation of aromatic aldehydes and 

24' ' ■ 

aromatic hydrocarbons, Shafer and coworkers have usedbenzyl- 
tri ethyl ammonium permanganate for the oxidation of benzylic 
methylene and methine groups to the corresponding ke tonic or 
tertiary hydroxyl functions • ^ However, such quaternary 
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cunmonium permanganate salts have not been employed so far 
for the hydroxylation of double bonds. During our investiga- 
tion to effect the c i s - hyd roxy 1 a ti on of the double bond^ we 
developed a mild and stable quaternary ammoniuiti permanaganate 
reagent, namely, cetyl trimethyl ammonium permanaganate, a purple 
crystalline solid. 

Cetyl trimethyl ammonium permanganate (CTAP) was prepared 
by adding a saturated solution of cetyl trimethyl ammonium bromide 
to an aqueous potassium permanganate solution, with efficient 
stirring at room temperature* The purple fluffy precipitate 
was filtered, washed thoroughly with water and dried in yacuq 
over phosphorus pentoxide for 3 h. This permanganate salt 
decomposed above 85 ®C and could be stored in the refrigerator 
for a prolonged period of time without loss of activity* 

Treatment of olefins with a solution of CTAP in dichlofo— 
methane, at 20'*C, yielded the corresponding cis - dihyd roxy 
compounds in good yield in 1-4 h. The’ isolation of the product 
could be done either imder anhydrous conditions or by treatment 
with 10% aqueous sodium hydroxide solution, followed by extraction 
with chloroform. Equally good results were obtained when the 
oxidation was carried out in aqueous , ter t - butanol. Several 
olefins were oxiaized to the diols to test the scope and utility 
of this reagent. The results of this oxidation with CTAP arc 
summari zed in Table II. A* 1, Olefins with aliphatic substituents 
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Table II>A, l o cis- Hydroxyl a ti on of the Double Bonds Using 

One Equivalent of CTAP 

CTAP = CHj (CH^) (CH 3 ) gMnO^" 


No, Substrate 


Rg action 

time Product 

(h) 


Yield m*p, Refe- 
{%) (°C) rence 


1, Cyclooctene 1 


a OH 73 78-79 27 

OH 


2 * Cyclohexene 1 



86 97-98 28 


3, Benzonor- 
boxnadiene 



4* endo -Dlcyclo- 4 

pentadiene 



nw 



OH 


‘ / ■ . v ■ 

,,,contd*. 
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Table cis ^Hydroxylatlon of the Double Bonds Using 

One Equivalent of CTAP 

CTAP = CH^ (CH^) (CH^) 3MnO^”’ 


No* 


Substrate 


Rg action 
time 
(h) 


Product 


Yield m.p. Refe- 
{%) (°C) rence 


1 • Cyclooctene 1 


a OH 73 78-79 27 

OH 


2* Cyclohexene 1 
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endo -Dicvclo- 

pentadiene 



73 168-69 


86^ 4B-4S 19 


5 • CyclododeCene 5 



65^ 157-58 29 
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Table II, A, 1 (contd. ) 


No, Substrate 


Reaction 

time 

(h) 


Product 


Yield m.p, Refe- 
{%) (®C) rence 


7. l,5~Cyclo~ 1 

ocCadiene 

tran s ~ Stilbene 1 

9, Hydroxybenzoin 0.5 
10, Benzopinacol 0,5 




C-H.CHO 
6 5 

C.HcCHO 
6 5 

C^HcGOC^Hc 
6 5 6 5 

No reaction 


35 10S~6 31 


70 ^ 

97 

89 


No reaction 


a# based on the recovery of the starting material. 
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consistently gave good to excellent yields of the diols* The 
aromatic substrates were found to give rise to the aldehydes 
(entry 8)* In order to check the ease with which the cis -l, 2- 
diols would be cleaved to give rise to the aldehyde S/ experi- 
ments were carried ou.t with hydroxybenaoin, benzopinacol/ 
cis -1/ 2-cyclohexanediol and 1/ 1 ' -dihydroxybicyclopentane 
(entry 9/ 10, 11 and 12)# The aromatic diols were cleaved 
readily to yield the aldehydes and the aliphatic diols proved 
rather inert to the reagent. 

Having successfully tested the efficiency of the reagent 
with a variety of olefins, the dlbydrodiTnethylindane (31 ) was 
treated with CTAP, Unfortunately, the substrate ^ did not 
undergo any oxidation with this reagent, although a stable, 
mild and inexpensive reagent has been added to the arsenal of 
organic chemists, for effecting cis- hydroxyl a ti on of olefins 
under anhydrous conditions. The reasons for the total lack of 
reactivity of towards CTAP and the inferior yields obtained 
in the hydroxylation of 37 vrith other reagents are still obscure. 

Considerable efforts were expended to improve the yield 
of the di hydroxy compound ^ without much success. Nevertheless, 
further work on the synthesis was pursued with diol ^ obtained 
by catalytic osmyl a ti on reaction, followed by recycling the 
recovered starting material.. Exposure of diol 38 to lead 
tetraacetate (1, 2 eguivalents) in benzene at room temperature 
for 0.25 h cleanly generated the di aldehyde 39. ' Since 
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di aldehyde ^ was found to be quite unstable, it was immediately 
reduced with sodium borohydride in ethanol at 0®C, to yield the 
dihydroxy compound m,p, 59-60®C, in 95% yield (overall 
yield of 85% from the diol 38) . The IR spectrum of the diol . 

4l showed a broad absorption at 3350 cm typical of the 
hydroxyl group. The PMR spectrum indicated a doublet at 6 1.0 
(6H, J «7 Hz) due to the methyl group protons, a raultiplet 
between 2.04 and 2.8 (8H) corresponding to the methylene and 
the me thine protons. The hydroxyl group appeared at 3.02 (2H) 
as a broad signal and a multiplet was traced between 3.54 and 
3.8 (4H) due to the methylene protons a- to the oxygen atom 
(Fig, IX, A. 5). The mass spectrum showed the molecular ion peak 
at m/e 184, 

The di hydroxy compound j4l was treated with two equivalents 
of methanesulphonyl chloride and tri ethyl amine in tetrahydro- 
furan at -20®C for 2 h to yield the dimesylate in excellent 
yield (91%), The RMR spectrum showed a doublet at <51.03 (6H, 
J=6 Hz) corresponding to the methyl group protons. The methy- 
lene and the methine protons indicated a multiplet between 2.06 
and 2.83 (8H) . A singlet at 2.96 (5H) due to the methyl protons 
and a multiplet at 4, 16 (4H) due to the methylene protons also 
appeared in the spectrum (Fig. XI. A. 6). 

The reduction of the freshly prepared dimesylate ^ with 
lithium aluminium hydride in refluxing ether for 2 h furnished 
the hydrocarbon 25 in moderate yield (50%) v A small increase in 
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the yield (60%) was observed when the dimesylate ^ was quickly 
filtered through a short silica gel column before reduction. 
Traces of methanesulphonlc acid that might be present in the 
unpurified mesylate could have caused polymerization of the 
product 25 f thereby lowering the yield. The PMR spectrum showed 
a triplet at 6 0.91 (6H, J ~7Hz) corresponding to the methyl 
protons and a doublet at 0,98 (6H/ iJ = 7.5 Hz) assigned to the 
methyl group protons. A multiplot appeared between 1,82 and 
2,38 (6H) for the methylene protons and a quartet at 2,58 (2H, 

J =7.5 Hz) due. to the methine protons (Fig. II, A. 7). The mass 
spectrum indicated the molecular ion peak at m/e 152. 

The double bond cleavage of the hydrocarbon 25, a key 

intermediate in the pheromone synthesis/ would fuzuish the 

\ 

desired molecular framework of- Serricomin, Ozonolysis of the 
hydrocarbon ^ in dichlorome thane at 0®C/ followed by reduction 
of the ozonide in tetrahydrofuran with eight equivalents of 
lithium aluminium hydride at room temperature for 2 h yielded 
the dihydroxy compound £4 in excellent yield (92%). The IR 
spectrum showed a strong absorption at 3370 cm indicative of 
the hydroxyl group. The PMR spectrum showed a broad signal 
between 6 0.6 and 1,1 (12H) corresponding to the methyl group 
protons. The methylene and the methine protons showed a broad 
multiplet between 1 .1 and 1.8 (8H) , The hydroxyl proton s showed 
a signal at 1 . 9 (2H/ D^O exchange able) and the methine protons 
ad j aceh t to the hyd roxyl group appeared as a broad mul tipi et 
betweeh 3,1 and 3.5 (2H) (Fig, II. A.8) . 
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The dihydroxy compound 2A was acetylated with two equiva- 
lents of acetic anhydride and 0.4 equivalents of dimethyl amino- 
pyridine in di chi oromethane at room temperature. The di acetate 

43 was obtained in quantitative yield (95%) . The IR spectrum 

-.1 

showed an absorption at 1730 cm indicative of the ester group. 
The PMR spectrum showed a multiplet between 6 0*7 and 1.1 (12 h) 
assigned to the methyl group protons. The methylene and the 
methine protons showed a multiplet between 1,1 and 2.0 (8H) . 

A singlet appeared at 2.03 (6H) assigned to the methyl group 
protons. The methine protons adjacent to the acetoxy group 
appeared as a multiplet at 4,72 (2H) (Fig. II,A*9). The mass 
spectrum indicated the molecular ion peak at m/e 27 2, 

The dihydroxy compoiond 24, on treatment with 1.2 equiva- 
lents of acetic anhydride and 0.2 equivalents of dimethyl amino- 
pyridine yielded 63% of the monoacetate ^ and 10% of the 

diacetate ^ with 17% recovery of the starting material. The 

-.1 

IR spectrum of showed absorptions at 3360 and 17 30 cm 
characteristic of the hydroxyl group and the ester carbonyl 
group respectively. The PMR spectrum showed a doublet and a 
triplet superimposed, between 6 0,6 and 1.06 (12H) corresponding 
to the methyl group protons. A multiplet appeared between 1.1 
and 1,97 (8H) corresponding to the methylene, the methine and 
the hydroxyl g roup p roton s . A singlet was shown at 1 .05 ( 3H) 
due to the methyl protons ; the methine proton s adj acent to the 
acetoxy and the hydroxyl groups appeared as multiple ts at 
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3., 36 (IH) and at 4,76 (IH) (Fig , II .A* 10) * The rfiaas spoctrum of 42 
showed the molecular ion peak at m/e 230, 

The oxidation of the hydroxyacetate _42 would lead to the 

acetate 2 of the pheromone* With a view to cararying out the 

oxidation under essentially neutral conditions to prevent the 

epirnerization at C-4 of the product, the reaction was performed 

32 

with Collins reagent in dichloromethane at 25®C to yield the 
ketoacetate 2 in 95% yield* The spectral data were closely 
similar to that reported for the acetate of the natural phero- 
mone. The ketoacetate 2 showed two strong absorptions in the 

-1 

IR spectrum at 1730 and 1705 cm characteristic of the ester 
and the keto functional groups* The PMR spectrum showed a 
triplet at 0,85 (6H, J“6 Hz) corresponding to the methyl 
protons and a doublet at6l.03 (6H, Ja:7.5 Hz) assigned to the 
methyl groups protons, A multiplot appeared between 1,16 and 
1,96 (6H) due to the methylene protons and a singlet was traced 
at 2,0 (3H) due to the methyl group of acetate functionality. 

The methine protons indicated a multiplet between 2.2 and 2,8 
(2H) and yet another multiplet centred at 4,6 (IH) was assigned 
to the methine proton adjacent to the acetoxy group (Fig, II, A. 11) , 
The mass spectrum showed the molecular ion peak at m/e 228. The 
CMR data of the synthetic pheromone (a mixture of stereoisomers) 
were closely similar to that of the reported values as could be 
seen from Table 1 1, A, 2. 
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Fig. II- A-IO 'H NMR spect rum (90 MHz) of ^ . 



IIM-IO : H NMR spectrum (90 MHz) of 42. 
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CMR Spea tra 1 Dq, ta o f 

Pheromone 2 

10 11 

„ CrcOCH, 

2 13 ^ 

the *4cetate of the Sox 

Carbon 

No. 

Natural 2 

Synthetic 2 

1 


7.84 

7,84 

2 


34, 22 

34.29 

34. 38 

3 


214.88 

214.71 

4 


43,53 

43,59 

44.08 

5 


24.22 

23.56 

24,36 

6 


33.70 

33.88 

34.13 

7 


78.04 

77.32 

78.06 

8 


35.98 

35.78 

36.61 

9 


10.18 

9,98 

10.11 

10 


16.67 

17.30 

17.98 

11 


14.45 

14,7 3 

15,98 

12 


170.88 

- .;V .171,00 

,13 


21,06 V f 
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II, A, 4 EXPERIMENTAL 
General Procedures 

All reactions were performed in oven-dried apparatus. 
Reaction mixtures were stirred magnetically unless otherwise 
specified. Distilled v^ater is used for aqueous work-ups. 
Reaction product solutions were concentrated using a Perfit 
rotary evaporator* Ozonation was carried out using Wei sbach 
ozonator. 

Materials 

Commercial grade solvents were distilled prior to use. 
Petroleum ether used was the fraction 60-80®C, Diethyl ether 
and tetrahydrofuran were distilled from lithium aluminium 
hydride; acetone was distilled from potassium permanganate; 
triethyl amine and pyridine were distilled from potassium 
hydroxide pellets. Methylene chloride and chloroform were 
distilled from phosphorus pentoxide* tert- Butyl alcohol/ ethyl 
alcohol/ benzene and petroleum ether were distilled from sodium. 
Dimethyl sulph oxide was distilled from calcium hydride. Liquid 
ammonia was distilled from sodium. 

Chromatography 

Analytical thin layer chromatography was performed on 
M e rc k p r ec o a t ed gl a s s -< backed si 1 i c a g el 60 P - 2 5 4 0 . 2 5 mm pi a te s * 

Visualization of ^ots was effected by one or more of the 
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following techniques r (a) ultraviolet illumination; (b) exposure 
to iodine vapour; (c) immersion of the plate in a 105^ solution 
of phosphoraolybdic acid in ethanol followed by heating to 
ca . 200 ®C; (d) immersion of the plate in a 3% solution of 
vanillin in ethanol containing 0.5% concentrated sulphuric acid, 
followed by heating to dry the plate, and then reimmersion and 
heating to ca. 200®, 

Column chromatography was performed using 100-200 mesh 
Acme silica gel. The flash chromatography was performed using 
Acme thin- layer chromatography silica gel. 

Physical Data 

Melting points (m.p.) were determined with a Uni-melt 

capillary melting point apparatus and are uncorrected. Boiling 
¥ 

points (b.p.) are uncorrected. 

Infrared (IR) spectra were recorded on- Per]d,n Elmer model 
377 and 580 spectrophotometers and are reported in wave numbers 
(cm*"^) . 

Proton magnetic resonance (PMR) spectra were recorded at 
60 MHz on a Jeol PMX- 60 instrument, at 80 MHz on a Bruker WP-80 
instrument,, at 90 MHz on a Varian EM- 390 instrument and at 
100 MHz on a Varian HA- 100 and XL- 100 instruments. Chemical 
shifts are reported in parts per million downfield from internal 
referehcQ tetramethylsilane (d) * Multiplicity is indicated 
using the following abbreviations: s (singlet) , d ;(doublet)> • 
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t (triplet), q (quartet), m (multiplct) , etc. Coupling cons- 
tants are reported wherever necessary and are expressed in Hz, 

Mass spectra (MS) were measured on a VG Micro smass 7070F 
mass spectrometer. Principal molecular fragments are reported, 

II. A. 4.1 Preparation of 2, 4-Pentanediol (22) 



A solution of acetylacetone (28,5 g, 285 mmol) in methanol 

(85 mL) was added slowly to a stirred solution of sodium boro- 

hydride (7.14 g, 257 mmol) and sodium hydroxide (1.4 g) in 

water (71 mb), maintaining the temperature below -20®C. After 

the addition was complete/ the solvents were removed under 

reduced pressure to leave a colourless solid. Glycerol (113 mL) 

was added and distilled to yield 23 g of ^ (77%)# b,p, 86®C 
1 

(6 mm) [lit. b.p. 98®c (10 mm)] . 

IR (CC1^) { 3385 

PHR (CDCl^)j 1,2 (d/ 6H/ -CH^); 1.4 - 1.8 (m, 2H, -CH^) ; 

3,6 -4.2 (m/ 2H, -CH) ; 4.4 (s/ 2H, -OH, D^O exchangeable). 

I .. z 

II.A, 4, 2 Preparation of 2 / 4 -Dichloro pentane (^) 
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To a mixture of 2/4-'pentane diol (13.6 g, 131 mmol) and 
dry pyridine (1.58 ml) cooled at ca. 0°C, was added distilled 
thionyl chloride (61 g, 790 mmol) . The mixture was refluxed for 
3 h and poured slowly into crushed ice with stirring. Extracted 
the mixture with ether (4x60 mL) , The ether layer was washed 
with 10% sodium bicarbonate solution (50 mL) , followed by brine 
(50 mL) and dried over anhydrous magnesium sulphate* The solvent 
was evaporated under reduced pressure and fractionated to yield 
14.6 g of 2, 4-dichloropentane (80%)/ b.p. 46-48°C (20 mm) 

[lit.*^^ b.p. 40‘*c(l2 mm)]. 

II, A. 4.3 Preparation of 2/ 4-Dicyanopentane ( 20 ) 



To a stirred slurry of sodium cyanide (8.32 g, 170 mmol) 
in dry dimethyl sulfoxide (42 ml) at 120®C/ 2, 4-*dichloropentane 
(10.0 gf/ 71 rmol) was added slowly over a j>Brlodi of. 0.75 h. 
Refluxing was continued for 3 h? cooled and poured into a satu- 
rated solution of sodium chloride (50 ml). Enough water was 
added to dissolve the precipitated salt and extracted with 
chloroform (5 x60 ml) . The combined extract was washed with 
brine (2 x50 ml) and dried over anhydrous magnesium sulphate. 
The solvent was evaporated under reduced pressure and di stilled 
to afford 6 g (70%) of the dicyanopentane/ b.p. 125 ®C (10 mm) 



18 2 

12 

[lit. b.p. 94“C (2 mm)]. 

IR (CliCl,): 2240 

PMR (CDCl^): 1.3 (d, 6H, -CH^) ; 1.8 -2,0 (m, 2H, -GH^); 

2,6 -3.0 (ra, 2H, -CH) . 

I 


II. A, 4.4 Preparation of Benzonorbomadiene (26) 



A solution of anthranilic acid 68.5 g, 0.5 mol) and 

freshly distilled cyclopentadiene (33 g, 41 mL, 0.5 rnol) in 
acetone (300 mb) was added over a period of 1*25 -1.5 h to a 
refluxing# mechanically stirred solution of i so - amyl nitrite 
(65 g# 74 mb# 0.55 mol) in dichloromethane (700 iriL) , in a two 
litre 3-necked flask. After the addition was completed.# the 
dark reaction mixture was refluxed for* 0*5 h. It was then 
cooled and made basic with 10% aqueous potassium hydroxide 
solution (100 mb) and the solvents were removed. The residual 
black oil was steam distilled and the distillate was collected 
(ca. 300 mb). The organic layer was separated and the aqueous 
layer was extracted with ether (2 xlOO mb) . The ether extract 
was dried over anhydrous sodium sulphate and evaporated under 
reduced pressure* The residual yellow oil was fractionated to 


give 40 g of benzonorbornadiene 29# b.p 



b,p. 78-79«C (20 mm)}* 


80-82®C (20 mm) 
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1 1. A. 4*5 Preparation of Diol 32 




A solution of _26 (5,68 g, 40 mmol) and N-methylmorpholine- 

N- oxide (7,95 g, 52 mmol) in acetone (150 mL) and distilled 

water (60 mL) was treated with a solution of osmium tetroxide 
(0,1 g in 5 mL of TIW, 0.4 mmol) and the resulting mixture was 

stirred for 24 h. Ethyl acetate (50 mL) and saturated 

sodium bisulphite solution (40 mL) were added and the resulting 
two- phase mixture was stirred vigorously for 0. 25 h. The 
organic layer was separated and the aqiieous phase was then 
extracted with ethyl acetate. The combined organic layer v/as 
washed with saturated sodium chloride solution; dried over 
anhydrous sodium sulphate; filtered and concentrated to afford 
6,5 g (93%) of a crystalline solid (recrystallised from ethyl- 
acetate- hexane# 80:20)# m,p, 168-16(5*0, 

IR (KBr): 3400# 3250 * 

PMR (CDCl^): 2,06 (q# 2H# -CH 2 # J=9 Hz); 3.17 (s# 2H# 
-CH); 3.69 (s, 2H# -CH) ; 4.86 (s# 2H, -OH# D^O exchangeable) ; 
7.08 (s# slightly split# 4H # aromatic) , 

MS (m/e) ; 176 (m"^) # 158# 145, 129# 128# 116, 115# 91# 77. 

Anal, for 75.00; H# 6.32. : 

PomdV C# 75,20; H# 6v90.^^^- ^ 



II* A. 4.6 Preparation of Di aldeh yde 33 

P1d{0C0CH^) 


To a solution of diol 32 (4.0 g, 22,7 inmol) in distilled 
benzene (40 mL) at room temperature^ was added lead tetraacetate 
(11.89 g, 26.9 mmol) in portions. The resulting mixture was 
stirred at room temperature for 5 minutes. Diluted the reaction 
mixture with anhydrous ether and filtered through celite and 
anhydrous magnesium sulphate. Concentration of the filtrate 
afforded 3,75 g (95%) o£ the dialdehyde as a pale yellow oil. 

IR (thin film); ^7 20 , 

PMR (GDCl^); 2.33^3,13 (m, 2H, s-CH^) ; 4.06 (m, 2H, -CH) ; 
7.36 (s/ 4H, aromatic); 9.66 (d, 2H* aldehydic, J =3 Hz), 

MS (m/e); 174 (m"^) , 146, 131, 118, 117, 116, 91, 77. 

II,A, 4.7 Preparation of Dlthioacetal. 36 
OHQ 

pSH 


OHC 13 

A solution of the dialdehyde ^ (0.87g, 5 mmol) in dichloro 
methane (15 mL) was treated with distilled 1> 2-ethanedithiol 
(0.958 g , 10.2 mmol) and distilled boron tri fluoride ethe rate 
(1. 42 g, 1, 23 mL, 10 mmol) and the resulting solution was: /^ 





OHC 




OHC 
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stirred at room temperature for 2 h. The reaction mixture was 
diluted with ether and extracted with hal f~ saturated sodium 
bicarbonate solution (lo mL) and saturated sodium chloride 
solution (20 mL) ; dried over anhydrous magnesium sulphate^ 
filtered, and concentx'ated to afford 1,37 g (84%) of ^ as a 
colourless oil, which was used in the next step without purifi- 
cation. 

PMR (CDCl^)i 1.84 - 2.82 (m, 2H, -CH ) f 3.06 - 3.66 (m, 

10 H, -^H , -CH); 5.02 (d, 2H, -GH, J=7 Hz); 7.0 -7.6 (m, 4H, 

^ t I ^ 

aromatic) , 


MS (m/e): 326 (m"^) , 221, 187, 171, 149, 128, 105, 84, 
77, 61. 

II, A, 4,8 Metal-Ammonia Peduction of 36 



* ■ ^ . 

CH2SCH2CH^SH 


Lithium wire (0.7 g, lOO mmol) was added piecewise over 
0,5 h to liquid ammonia (50 mL) at reflux. To the resulting 
blue solution, a solution of dithioacetal ^ (1*3 g, 3,9 mmol) 
in tetrahydrofuran (15 mL) and distilled tert -butanol (3, 7 mL, 
50 mmol) was slowly added over 0,5 h- The reaction mixture was 
refluxed for additional 4 h. Ammonium chloride (10 g) was 
added in portions and ammonia was allowed to evaporate over 
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ca. 12 h* The solid residue was dissolved in water (50 mL) 
and extracted with ether (4 x50 mL) . The combined organic 
phase was washed with saturated sodium chloride solution, dried 
over anhYdrous magnesium sulphate, filtered and concentrated to 
yield a yellow oil. The crude product was purified by flash 
column chromatography (elution with petroleum ether) to obtain 
0.285 g of dihydrodimethylindane ( 37 , 50%) and 0.52 g of product 
48 resulting from partial hydrogenolysis. 

Diene 37 

PMR ((ODCl^) : 1.3 (d, 6 H, J =7 Hz); 2.46 (m, 2 H, 

-CH ); 3.1 (m, 2H, -CH); 7.15 (s, 4H, aromatic). 

^ I 

Compound 4 8 

PMR (CDGI 3 ): 1.2 -2.2 (m, 2H, -CH 2 ) / 2. 2 -3 . 6 (m, 18H, 

-CH , -CH); 4.06 (s, 2H, -SH) , 5.68 (m, 2H, vinylic). 

"I 

MS (m/e): 332 (m'^) , 238, 225, 189, 161, 143, 131, 117, 

91, 61, 

II. A, 4.9 Preparation of Dihydroxy Compound 34 




Ozone gas was bubbled through a solution o:£ benzonorbor- 
nadiene .26 (14. 2 g, 100 mmol) dissolved in dry dichloromethane 
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(200 mL) at -78 The reaction was followed by the dis- 
appearance of the starting material through tic analysis. A 
solution of sodium borohydride (30.4 g, 800 mmol) dissolved in 
cold 50% aqueous ethanol (200 mL) was added slowly to the 
stirred ozonide mixture, while the temperature is maintained 
at 25 ®C by occasional ice bath cooling. The reaction 
mixture was warmed up in a water bath for 2 h with stirring and 
allowed to stand overnight at room temperature. The mixture 
was acidified with acetic acid and extracted with ethyl acetate 
(4 X 200 mL) , The organic extract was washed with sodium 
bicarbonate solution (100 mL) followed by brine (100 mL) and 
dried over anhydrous magnesium sulphate. The solution was 
filtered and concentrated to afford a thick oil which was crys- 
tallised with ethyl acetate-hexane (l: l)> to furnish 12.7 g (70%) 
of a white solid, m.p. 99-l00®C, Prom two such ozonations, 25 g 
of the diol was obtained. 

IR (KBr) : 3290 (^q^j^) . 

PMR (CDCI 3 ) : 1,64-2.72 (m, 2H, -CH^); 2,18 (s, 2H, -OH) ; 
3.44 (m, 2H, -CM); 3.92 (d, 4H, -CH^) ; 7.3 (s, 4H, aromatic), 

MS <m/s)! 178 (M’’"), 161, 148, 130, 129, 117, 103, 91, 77. 

Anal, for C, 74,15; H, 7,86. 

Found C, 74.30/ H, 7.70. 
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II, A, 4,10 Prep aration of Dimesylate (X - OMs) 



To a solution of M (5,34 g, 30 mmol) and triethylamine 
(6,6 g, 66 mmol) in dry dichloromethane (70 mli) was add.ed 
slowly methane sulphonyl chloride (6,84 g, 60 mmol) dropwise 
over 0*5 h at ca, -20°C, The resulting mixture was stirred 
for 6 h at -20®C, The reaction mixture was transferred to a 
separatory funnel with the aid of more dichloromethane and was 
first washed with ice water (50 luL) , followed by cold 10% 
hydrochloric acid (50 mL) / saturated sodium bicarbonate solu- 
tion (50 mL) and brine (50 rnL) , The organic extract was dried 
over anhydrous sodium sulphate# followed by evaporation of 
solvent under reduced pressure# affording 9,5 g of dimesylate 
35 (95%) which was recrystallised from dichloromethane-hexane 
(1:1)# m*p. 134-135®G, From four such reactions, 37,0 g of the 
dime syl ate was obtained. 


IR (KBr) J 1350, 1350(d)# 1170# 1160(d) 

2 


PMR 

(CDCI 3 ) s 

, 1 , 
1.5 - 2.5 (rn, 2H, -GH,) ; 

3.0 (s, 6 H, 

-CH 3 ) 

(m. 

2H# -CM) ; 

4.4 (m, 4H, -CHj) ; 7.34 

(s, 4H, aromatic) 

MS 

(m/e) i 238 

(M^-CHjSOgOH) , 142, 129, 

115# 102, 

91# 


79, 63 
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1 1. A, 4.11 P:ceparatxon of Dimethylindane ( 27 ) 



To a slurry of lithium aluminium hydride (8.2 g, 216 mmol) 
in absolute ather (250 mL) was added with efficient stirring 
dimesylate ^ in several portions (9.02 g, 27 mmol). The 
resulting mi^cture was refluxed for 2 h, cooled and water was 
added slowly (8.2 mL) , followed by 10% aqueous sodium hydroxide 
solution (8*2 mL) and then again water (16,4 mL) , The precipi- 
tated hydroxides were filtered through anhydrous magnesium 
sulphato and the filter cake was v/ashed with ether (200 mL) . 

The filtrate was evaporated to afford 3.15 g (80%) of a liquid. 

The crude product from four such reactions yielded 12,0 g 

of the hydrocarbon 22' b.p. 80-82°C (7 mm), [lit, b.p. 202. 3®C 

(740.5 mm)] . 

PMR (CDCl^): 1,3 (d/ 6H, -CH., d = 7 Hz); 2.46 (m, 2H, 

I ^ f ' 

-Clh) ; 3.1 (rn, 2H, ~CK) ; 7.15 (s/ 4H, aromatic) . 

£, } 

MS (m/e)! 145 (m"^) , 131, 115, 91, 77. 

XI.A. 4.12 Preparation of Diene 37 

1 n-nn^iiwL'— T — f— n-ii 1 ■■■■--r — r^n iip«»i w-i in i 



190 


Lithium ( 4.8 g, 700 mmol) pieces were added slowly to 
refluxing liquid ammonia (400 mL) over 0.25 h. To the result- 
ing blue solution, 27 (10.22 g, 70 mmol) was added in anhydrous 
tetrahydrofuran (60 mL) and absolute ethanol (24 mL) slov/ly in 
about 0.3 h. The reaction mixture v/as mechanically stirred 
under reflux for 3 h. Solid ammonium chloride V7as added to 
destroy the excess lithium and the reaction mixture was left 
overnight to allow the ammonia to evaporate. Water (lOO mL) 
was added to the curdy mass and extracted with ether (4 xlOO mL) . 
The ether extract was washed with water (2 xlOO mL) followed by 
brine (100 mL) and dried over anhydrous sodium sulphate, filtered 
and concentrated the extract to afford 9,8 g (95%) of an oil 
which was fractionated, b.p. 6 2-6 4® C (7 mm) . 

IR (thin film) : 1650 . 

PMR (CDCl^): 1.0 (d, 6H, J=6 Hz); 2.16-2.9 (m, 

8H, -(Jh), 5.74 (s, 2H, vinylic). • 

MS (m/o) ! 148 (m'*') , 133, 132, 119, 118, 115, 107, 105, 

93, 91, 77/ 73/ 65, 55, 

II. A, 4.13 Preparation of Diol 38 
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A solution of (0.74 g, 5 mmol) and N-methylmorpholine- 
N- oxide (0.995 g, 6,5 mm.ol) in acetone (25 mL) and distilled 
water (10 mL) was treated v/ith a solution of osmium tetroxide 
(0.127 g in 6 mL of tetrahydrofuran, 0.5 mmol) and the resulting 
mixture was stirred at room temperature for 80 h. Ethyl acetate 
(50 mL) and saturated sodium bisulphite solution (5 mL) were 
added and the two-phase mixture was stirred vigorously for 
0,25 h. The organic layer was removed and the aqueous phase 
was extracted with ethyl acetate (4 x 40 mL) ; the combined organic 
layer was washed with saturated sodium chloride solution (50 mL) , 
dried over anhydrous magnesium sulphate# filtered and evaporated 
under reduced pressure to afford a green viscous liquid. The 
crude product from twelve such small-scale reactions was subject- 
ed to flash chromatography to yield 5.4 g {61%) of the unchanged 
starting material ^ (elution with petroleum ether) and 2,1 g 
(25%) of the diol 38 (elution with 4:1# ether-petroleum ether). 
The product 3^ obtained by column chromatography was recrysta- 
llised from ether-petrol oum ether (3:2)# m.p. 99~100®C, 

IR (KBr) : 3330 . 

PMR (CDCl^): 0.98 (d, 6H# J=6 Hz); 1.8 - 2,7 (m, 8H# 

-CH # -CH, -OH); 3.96 (m# 2H, -CH) , 

" f 1 

MS (m/o): 182 (M*)> 164, 149, 147, 131, 121, 120, 107, 

105, 93, ■ 91. : 

Anal.: for Cj^j^Hj^g 02 i Calcd, C, 72.52; H, 9.89. v 

Found C, 72. 65; H# 9. 92. 
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I I. A. 4,14 Preparation of Cotyl trimethyl ammonium permanganate 

CTAP) 

4- KMnO + 

CHg (CH^) (CHj) gBr" ^ CH^ (CH^) (CH^) 3MnO_^" 

49 50 

To a stirred solution of potassium permanganate (3,168 g, 
20 mmol) in water (100 mL) at 20®C, was added slowly an 
aqueous saturated solution of cetyl trimethyl ammonium bromide 49 
(8,02 g, 22 mmol) over 20 minutes, A fine violet coloured 
precipitate was formed immediately. The viscous mixture was 
stirred for an additional 0,5 h and filtered. The precipitate 
was washed thoroughly with water and dried in a desiccator over 
phosphorus pentoxide ^ vacuo for 3 h which was stored in a 
brown bottle in the refrigerator. The compound ^ decomposed 
at 85‘'C. 

II, A. 4.15a Oxidation of Cyclooctene (.51) 



To a solution of ^ (0.22 g, 2 mmol) in tert >.butanol 
(1 mb) was added slowly a solution of CTAP (0.807 g^ 2 mmol) 
in tert-butanol (8 mb) and water (3 mb) at ca , 20°C, The 
resulting mixture was stirred for 1 h. Chlorofoirm (20 mb) and 
5% aqueous sodium hydroxide (5 mb) were added/ stirred for 
0,5 h and the organic layer was separated. The aqueous phase 
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was extracted with chloroform (3x20 mL) , washed with brine and 
dried over anhydrous magnesium sulphate. Filtered and evapora- 
ted the chloroform under reduced pressure to afford 0*21 g of 
the diol ^ (73%), m.p. 78-79®C (lit. m.p. 78-79®C) . 


II. A, 4.15b Oxidation of Cyclohexene (5 3) 


O 

The reaction was performed as above with ^ (0.0G2 g, 

1 mmol) and CTAP (0.403 g, 1 mmol) in dichloromethane (12 mL) 
for 1 h. The dichloromethane was evaporated to half the volume 
under reduced pressure and the reaction mixture was diluted v/ith 
ether and filtered through a pad of celite and anhydrous magne^- 
sium sulphate. Washed the celite a few times with chloroform 
(3 xlO mL) . The filtrate was evaporated under reduced pressure 
to afford 0.1 g (86%) of the dlol m.p. 91~9B'‘C (lit. 
m.p. 97-98°C) . : 



II. A. 4.15c Oxidation of Benzonorbomadiene (26) 




The reaction was carried out with 2^ (0 . 071 g, 0, 5 mmol) 
and CTAP (0.201 0.5 mmol) as above fin dichloromethane (10 mL) 



194 


for 3 h, to yield 0*065 g (73%) of the diol m.p, 168-169'*C, 
II.A, 4*15d Oxidatl on of endo-Dicycl op en t adi en e ( 55 ) 


The reaction was carried out with ^ (0*065 g, 0*5 mmol) 
under identical conditions as above with CTAP (0,201 g< 0.5 mmol) 
for 4 h to afford a mixture. The crude product was purified by 
column chromatography over silica gel, to yield 0.11 g of the 
un reacted starting material (elution with petroleum ether) and 
0.11 g (86%) of the pure diol 56, m.p. 4B-45»®C (lit.^^ im.p* 46- 




II.A*4.15e Oxidation of Cyclododecene (57) 


OH 
OH 

The reaction was performed under identical conditions as 
above with ^ (0.166 g, 1 mmol) and CTAP (0.403 g, 1 mmol) for 
5 h in dichloromethane to yield a mixture of conpounds. The 
c.icude mixture was chromatographed over silica gel to yield 0,04 g 
of th e unchanged ol ef in ^ (elution with petroleum ether) and 
0.097 g of the dior- 58 (65%) (elution with 1:1 ether~petroleum 
ether) , m.p. 157-157.5‘“C (lit. " m.p. 157-158°e) . ^ 
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II.A. 4.15f Oxidation of l~Octene (5 9) 



The reaction was carried out tinder analogous conditions 

^ (0,056 g, 0,5 mmol) and CTAP (0,201 g, 0.5 mmol) for 

2 h, to yield 0,062 g of the diol ^ (85%), which was compared 

19 

with the authentic sample, 

II, A, 4, 15g Oxidation of 1, 5-CyclooctadivSne ( 61 ) 



^ 62 

The reaction was carried out as earlier with (0,108 g, 
1 mmol) and CTAP (0,403 g, 1 mmol) for 1 h to yield 0.049 g of 
diol ^ (35%) m.p, 105-l06°C (lit. m.p. 105-106«C) . 

II,A, 4,15h Oxidation of trans - Stilben e ( 63 ) 



The reaction performed under similar conditions as above 
with ^ (0,18 g, 1 mmol) and CTAP (0,403 g, 1 mmol) in dichloro- 
methane for 1 h^ yielded 0,09 g of the unchanged 63 and 0.047 g 
(90%) of ben z aldehyde (64) . \ ^ ^ ■ 
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II, A, 4, 15i Oxidation of Hydroxybenzoin 

OH OH 

C H_— CH— C-H^-CHO 
6 b 6 5 6 5 

65 64 

The reaction was carried out with 65 (0,107 g, 0.5 mrnol) 
and CTAP (0.20l g, 0,5 mmol) for 0.5 h under analogous condi« 
tionsto yield 0,103 g (97%) of 64 , 

II.A.4,15j Oxidation of Benzopinacol ( 66 ) 


»5^6\ 


/6b 

CTAP-s^ 


/ 

> c- — c( 


\ 

1 

n 

II 

o 

HrC/ 
5 6 

1 1 
OH HO 

66 



HpC/ 

5 6 

§1 


The reaction was performed under identical conditions 
with 66 (0,184 g, 0.5 mmol) and CTAP (0.201 g, 0.5 mmol) for 
0.5 h to yield 0.10 3 g (89%) of benzophenone (67) m.p. 47 °G 
(mixture m.p, 47-48*^0), 


II,A,4,16 Preparation of Diol 41 



To a solution of the diol (2.18 g/ 12 mmol) in dry 
benzene (20 mb) was added lead tetraacetate (6, 4 p/ 14. 4 mmol) 
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in portions and the resulting mixture was stirred at room tempe- 
rature for 0,3 h. The reaction mixture was diluted with anhy- 
drous ether (50 mL) and filtered through a pad of celite and 
anhydrous magnesium sulphate. The filtrate upon concentration 
afforded 1,94 g of a pale yellow oil which was immediately used 
in the next step. 

The crude product from the above reaction was dissolved 
in ethanol (20 mL) and sodium borohydride (1,368 g, 36 mmol) 
was added at The resulting mixture was stirred for 3 h at 

0°C, Crushed ice was added and the reaction mixture was allowed 
to warm up to room temperature and extracted with chloroform 
(4x50 mL) , Washed the organic layer with brine and dried over 
anhydrous magnesium sulphate, filtered and evaporated under 
reduced pressure to yield a colourless oil, which was crysta- 
llised (4tl ether-petroleum ether) to afford 1.87 g of a solid, 
m.p. 59-60®C (overall yield of 85%, from diol 38) . 

IR (CHGl^): 3350 * 

PMR (cDCl^yj 1,0 (d, 6H, -CH^/ J^7 Hz) ; 2. 04 - 2. 8 (m, 8H, 
-<^82, -Ah) ; 3,02 (br, 2H, -OH, D 2 O exchangeable) ; 3,54-3,8 (m, 

m, -CH,) . 

MS (m/o): 184 (m'*') , 166, 151, 139, 137, 135, 133, 121, 

120, 109, 107, 105, 95, 93, 91, 81, 79, 77. 

Anal, for H, 10.86. 

Pound C, 71-68; H, 10.70. 
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II, A, 4.17 Preparation of Dime sy late 40 



To a solution of ^ (1,8 g, 9.78 mmol) and tri ethyl amine 
(2.17 g, 21.52 mmol) in tetrahydrofuran (20 mL) maintained at 
- 20 ^ 0 , was added slowly methane sulphonyl chloride ( 2.22 g, 

19.56 mmol) over 0.25 h. The resulting solution was stirred 
at -20®C for an additional 2 h. The mixture was then transferred 
to a separatory funnel by means of di chi orome thane? washed 
successively with cold water (2x20 mL) , cold 10% hydrochloric 
acid (20 mL) , cold saturated sodium bicarbonate solution (20 mL) 
and then with brine (20 mL) . The organic layer was dried over 
anhydrous magnesium sulphate, filtered and evaporated under 
reduced pressure to give a yellow liquid which was filtered 
through a short silica gel pad to yield 3,0 3 g (91%) of dimesy- 
late (elution with 1:1 ether -petroleum ether). 

IR (CHCI 3 ) : 1170 <d, • 

PMR (CDCI 3 )! 1.03 (d, 6 H, -CH 3 , J =6 Hz) ; 2.06 - 2.83 (m, 

8 H, -CH^i -CH) ? 2.96 (s, 6 H, -CH 3 )? 4. 16 (m, 4H, -CH^) . 
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To a slurry of lithium aluminiiom hydride (2*58 g, 68 mmol) 
in anhydrous ether (100 mL) was added the dimesylate 40 (2.89 g, 
8.5 mmol) in ether (20 ml) slowly and refluxed the resulting 
mixture tor 2 h. Moist sodium sulphate was added slowly until 
no more gas evolution was seen, Filtered the reaction mixture 
and washed the residue with ether several times . Evaporated 
the filtrate to afford an oil which was purified by flash column 
chromatography to yield 0.775 g of the hydrocarbon 25 (60%). ■ 

IR (CHCl^) : 1620 , ; 

PMR (CCl^); 0.91 (t, 6H, J=7 Hz); 0.98 (d, 6H, > 

I t 

J=7.5 Hz); 1.82 - 2,38 (m, 6H, -CH^) ; 2.58 (g, 2H, -CH/'.- 
J~7 Hz). 

MS (m/e): 152 (m"^), 137, 123, 121, 119, 109, 107, 105, 

96, 92, 82. 

II. A. 4.19 Preparation of Dihydroxy Compound 24 




Ozone was bubbled through a solution of (0,684 g, 

4.5 mmol') in dichloromethane (15 mL) maintained at 0®C, When 
the thin layer chromatography showed the disappearance of starts 
ing material, the dichloromethane was evaporated under reduced 
pressure. The ozonide was dissolved in tetrahydrofuran (15 mL) 
and lithium aluminium hydride (1. 368 g, 36 im\ol) was added in 
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portions* The resulting mixture was stirred at room tempera- 
ture for 2 h. Moist sodium sulphate was added to the cooled 
reaction mixture and filtered* The filter cake was washed several 
times with ether and the filtrate was evaporated to yield an 
oil which was purified by flash chromatography to afford 0*778 g 
(92%) of the dihydroxy compound 24 . 

IR {GHCI 3 ); 3370 

PMR (CDCl^): 0 , 6-1*1 (br, m, 12H, -CH^) ; 1*1-1 . 8 (m, 

8 H, "“^^ 2 ' ’ i* 90 (hr, 2H, D^O exchangeable/ -OH); 3.1 -3.5 

(m, 2H, *-CH) . 

II,A, 4.20 Preparation of Diacetate 43 




To a solution of 24 (0*056 g, 0.3 mmol) in dichloromethane 
(2 mL) was added acetic anhydride (0.067 g, 0.66 mmol) and 
dim ethyl aminopyridine (0.014 g, 0.12 mmol) , The reaction mixture 
was stirred for 2 h at room temperature. Methanol (0.2 ml) was 
added and stirred for ten minutes/ followed by addition of water. 
The compound was partitioned between ethor and water. The ether 
layer was dried over anhydrous sodium sulphate/ filtered and 
evaporated to afford an oil which was filtered through a short 
silica gel column to yield 0.077 g (95%) of diacetate 43. 
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IR (CHClj): 1730 (v . 

PMR (CCl ) ! 0,7 -1,1 (m, 12H, -CH,); 1, 1-2.0 (m, 8H, 

I I 

-CH 2 , -CH) ; 2.03 (s, 6H, -CH^) ; 4.72 (m, 2H, -CH) . 

MS (m/e) ! 272 (m'^) , 242, 214, 152, 111, 70. 55. 


II.A.4,21 Preparation of Monoacetate 42 


DM AP 

(CH^C^O 


'OCOCH' 


OCOCl-h 

OCOCH, 


+ 24 


^ .12 “ 43 

A solution of dihydroxy compound (0*235 g, 1,75 mmol) 

in dichloromethane (5 mL) v/as treated with acetic anhydride 

(0,214 g, 2,1 mmol) and dimethylaminopyridine (0,042 g, 0,35 mmol). 

The resulting solution was stirred at room temperature for 2 h* 

Methanol was added (0.5 ml) and stirring was continued for 0.25 h 

followed by addition of water (15 mL) * The organic layer was 

separated and the aqueous phase was extracted with ether (3x20 mL), 

The ether extract was washed with brine and dried over anhydrous 

magnesium sulphate# filtered and evaporated to yield a mixture. 


The crude product mixture was purified by flash column chromato- 
graphy to yield 0,047 g (10%) of ^ (elution with 1 : 9 ether-petro- 
1 eum ether) y 0 , 25 3 g of th e by droxyac etate ^ ( 6 3%’ / elution with 
ether-petroleum ether, Ijl) and 0>055 g (17%) of the unchanged 
s ta rtin g ma t e ri al ^24 ( el uti on wi th eth e r-p e troleum eth er, 1 1 1 ) , 



Hydro xyacetate 44 
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IR (CCl^): 3360 1730 

PMR (CCl^) : 0.6-1.06 (m, 12H, 1.1-1.97 (m, 8H, 

-OH); 1.05 (s, 3H, -CH ); 3,36 (m, IH, -6 h) ; 4.76 (m, IH, -^H) 
\ f i 

MS (m/e)! 230 (m"'') , 200, 170, 153, 141, 112, 86, 70, 55. 
II.A. 4, 22 Preparation of Ketoacetate 2 



To a solution of dri' pyridirie (0^75q g, 9.6 nmol) in. disti- 
lled di chi orome thane (10 mL) was added chromium trioxide (0.48 g, 
4.8 mmol) dried over phosphorus pentoxide ^ vacu o. Dry celite 
( 0.5 g) was added and the resulting mixture was stirred at 20®C 
for 0.25 h. A homogeneous burgundy coloured solution was obtain- 
ed# to which the hydroxyacetate ^ (0.184 g, 0,8 mmol) was added 
in dichloromethane (0.5 mL) in one portion and the mixture was 
stirred for 0.5 h. Anhydrous ether was udded (50 mb) and the 
reaction mixture was filtered through a pad of celite and magne- 
sium sulphate. The celite cake was washed thoroughly with ether 
and the filtrate was evaporated to afford an oil. The crude 
product was purified by flash column chromatography to yield 
0,17 3 g ( 95 %) Of the ke to acetate 2 (elution with It 1 ether- 
petroleum ether) , ^ 

O' 

IR (CHClj): 1730 (V g_Q) , 1705 
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PMR (GDCl^): 0,85 (t, 6H, -CH^, J=6 Hz); 1,03 (d, 6H, 
J=7.5 Hz); 1.16-1,96 (m, 6H, -CH^) ; 2.0 (s, 3H, -CH^) ; 

2. 2-2.8 (m, 2H, -CH); 4.6 (m, IH, -CH) . 

MS (m/e): 228 (M*^) , 168, 139, 128, 127, 111, 99, 86, 83, 

70, 69, 57, 55, 43, 41, 

CMR (CDCI 3 +CHCI 2 ) ; 7.84, 9.98, 10.11, 14.73, 15.98, 17,30, 
17.98, 21.02, 23.56, 24.36, 33.88, 34. 13, 34. 29, 34.38, 35.78, 
36.61, . 43 . 59 , 44.08, 77.32/ 79.11, 171.00, 214.71. 
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CHAPTER II 


(PART B) 

ONE POT a~BROMOACETALIZATlON OP CARBONYL 
COMPOUNDS i APPLICATION IN THE SYNTHESIS 
OP 1,3-DIKETONES 

II*B.l ABSTRACT 

The reaction of carbonyl compounds with phenyl trimethyl - 
ammonium tribromide (PTT) amd excess of ethylene glycol in 
anhydrous tetrahydrofuran has resulted in a simple, one-pot 
a-bromoacetalization in good yields* The synthetic utility of 
the a -bromo acetals has been established in the facile synthesis 
of cyclic 1,3-diketones which are important synthons in organic 
synthesis. This transformation has been achieved very easily 
via the formation of olefinic acetals by dehydrobromination 
followed by oxymorcuration-demGrcuration sequence and subsequent 
oxidation. 
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II, B. 2 INTRODUCTION 

The synthetic utility of a,/3~unsaturated carbonyl 

compounds has enhanced the importance of cc-bromoacetals as 

their valuable precursors, ' The merits of these synthons 

over a~halocarbonyl compounds are manifold. For example/ 

a^haloacetals have been successfully utilized in the the syn- 

thesis of a //3-un saturated carbonyl compounds/ ^ whereas / the 

dehydrohalogenation of a-haloketones in cyclic systems is compli- 

4 

Gated by side reactions. Moreover/ the basic conditions employ- 
ed for the dehydrobrominations might also invoke Favorski type 
of rearrangements in the case of a«haloketones. 

In general/ a -haloacetals of carbonyl compounds are pre- 
pared by a two-step sequence involving bromination of the Jeetone 

5 6 

followed by acetalization ' or acetalization of the carbonyl 
compound followed by bromination, * It has been observed that 
the products from these reactions are not usually clean and the 
yields are only moderate, Marquet ^ have reported a 
convenient procodure for the bromination of acetals using 
phenyl t rime thy I'ammonium tribromido (PTT) in anhydrous tetra- 
hydrofuran. Tetrahydrof uran has been suggested to act as a 
buffer by reaction with the liberated hydrobromic acid, A 
convenient synthesis of o-bromocycloalkanone acetals has been 

3 ■ 

reported/ employing bromine and ethylene glycol but in this 
reaction alsO/ the dibromo derivatives are formed as side 
products. Satoh 2 ,-b ^ have shown that in tho case of 
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steroidal ketones# cx -bromoacetals can be obtained using a very 
large excess of cupric bromide as the brominating agent in 

Q 

ethylene glycol and p-dioxane* This procedure is not useful, 
particularly for medium to large scale preparations, a -Bromo- 
acetals have been synthesized by a combined chemical and oloctro- 
chemical bromination in which the product was isolated by simple 

distillation of the reaction mixture without prior aqueous 
9 

washings, 

(X//3-Unsatu rated acetals# derived from a- bromoacetals are 

useful synthons/ wherein the double bond could be functionalized 

appropriately to lead to 1# 3-dikGtones, 1,3-Diketones, aro an 

important class of compounds in view of the distinct structural 

properties and high synthetic utility, particularly as building 

blocks for the elaboration of polycarbocyclic frameworks and 

heterocyclic nuclei. For example, 1,3-diketones have been used 

as potential synthons in the total synthesis of several steroidal 

molecules. Torgov ^ have synthesized estrone methyl ether 

( 3 ) by an elegant route, involving the alkylation of2-methyl-l,3- 

cyclopentanediono with the vinyl alcohol 1 to give the key inter- 

10 

mediate 2 (Scheme II.B.I). Similarly, 2-methyl-l, 3-cyclohexane- 

dione has been employed in the synthesis of D~homo analogs of 

li- 
the steroidal molecules. A number of heterocyclic steroids 

have also been synthesized by utilizing the 1,3-diketones in 

■ ^ ■ 12 ^ 

building up the molecular skeleton. 



Scheme 



Scheme 11*8-2 



V. 


n 



0Sj(CH3):i 


0S!(CH3)3 





(H2C)n 1 — ^ 



KHS 04 
CH2GGH3 A' 




210 


In spi te of the high potential of the 1, 3-cycloalkadiones 
in organic synthesis, only a few methods are available for 
their synthesis. It has been shown that a //3 -epoxy ketones 
give 1,3-diketones in the presence of Pd(0) (Scheme II, B. 2).^^ 

1, 3-Dlketones were also obtained by the reaction of bis (tri- 
methyl silyloxy) biGyclo'[n. 1. 0]alkenos ^ v/ith ferric chloride, 
followed by treatment vath sodium acetate (Scheme II. B. 2).^^ 
Recently, 1, 3-cycloalkadiones 5 were synthesized by the reac- 
tion of 1, 2-bis (trimethyl siloxy) cycloalkenes 7 with chloro- 
methyl methyl ether, followed by treatment of the resulting 
2-hydroxy-2-methoxyTnethylcycloalkanoMe 8 with potassium 
hydrogen sulphate (Scheme II, B. 2), Synthesis of 2-alkyl- 
cyclopentane-l , 3-dione and 2-alkylcyclohexane-l> 3-dione have 

been achieved by aluminium chloride mediated cyclization of 

1 6 

Y- and < 5 ~ketocarboxylic acids via the acid chlorides. 

Several syntheses of cycl open tan e- 1, 3-di ones which have 

17-19 

been reported are rather circuitous. A practical and 

convenient synthesis of cyclopentane-1, 3-dione has been 

reported by hick and Schank starting from norbomene (9) and 
using oaonolysis as the key step (Scheme II. B. 3) . . The conven- 

tional method of obtaining cyclohexane-l, 3-dione (^6) involves^ 
the catalytic hydrogenation of rGsorcinol in alkaline medium 
(Scheme II • B. 4) , ■ Lamb has achieved the synthesis of under 
mild conditions using a modified V?-6 Raney-nickel catalyst in 
the hydrogenation of resorcinol. , The credit for synthesizing 
cycloheptane-1, 3-dibne (19) on a preparative scale goes to 
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. 23 

Eistert The compound could be prepared by the 

catalytic reduction of 2, 5 , 7-tribromohydroxytropone in alkaline 
medium* A more useful synthesis described by Eistert involves 
the ring expansion of raono ethylene ketal of cyclohexane-l, 3- 
dione V7 using diazoacetic ester/ as outlined in Scheme II, B, 5. 

The objective of the present studies was to develop a 
mild and versatile procedure for the one-pot synthesis of 
a-bromoacetals of carbonyl compounds and to explore the utility 
of these useful synthons in the synthesis of cyclic l/3~di- 
ketones, 

II. B, 3 RESULTS AND DlSCUSSiqN 

In our studies directed towards the synthesis of the 
insect sex pheromone of the cigarette beetle/ in the initial 
stages/ we needed a good supply of 2~bromo-3/ 3-ethylenedioxy- 
pentane, In our efforts to synthesize this compound/ a mild 
and versatile procedure for the one-pot cc^-bromoacetalization 
of carbonyl compounds was developed using phenyl trimethyl- 
ammonium tribromide (PTT) and excess of ethylene glycol in 
tet rahydrof u ran , 

24 

The utility of phenyltrimethylammonium tribromide (23) 
was first renoanized by Marcruet et c^l . This was conveniently 
p r op ared in two s top s ; a s ou 1 1 in ed in Scheme 1 1 • B * 6 , ; 
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Sc heme 

C5H5-N (CH3) 2 + (CH3) 380^ > CgHg-N (CH3) 3S0^CH3 

2 ^ 21 22 

CgH5-N(CH3)3SO^CH3 2 > CgH^-N (CH3) 3Br3 

21 23 

Phenyl trimethyl ammonium tribromide (2j) is remarkably 
soluble in tetrahydrofuran (630 g/L at 20®C) and is a source 
of Br^ ions whose properties are different from those of mole- 
cular bromine. In particular/ it is much less electrophilic 
than bromine and less reactive towards aromatic rings and non- 
enolic double bonds. Thus PTT (23) has been used as a 
selective brominating agent of ketones and dioxolanes when 

26 

the molecule bears double bonds or activated aromatic nuclei. 
The" active bromine" present in PTT (2^) could be determined by 
titration against sodium thiosulphate solution. 

In our attempts to bring about one-pot a -bromoacetaliza- 
tion/ initially/ we focussed our attention on simple symmetric 
molecules like acetone (^) and 3-pentanone (^6) • When acetone 
was treated with PTT (3 equivalents) and excess of ethylene 
glycol in anhydrous tetrahydrofuran/ at room temperature for 
20 h> excellent yield (90%) of bromoacetal was obtained/ 
b.p. 69-7 0®G (14 mm):> [lit*— b.p. 7 3-74°G (18 mm)J PMR 

spectrum showed a singlet at 6 1.57 (3H) corresponding to the- 
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methyl protons# another singlet at 3* 36 (2H) due to the methy-^ 
lene protons and yet another singlet at 3.96 (4H) assigned to 
the ethylenedioxy protons (Fig. II.B.l). The mass spectrum 
showed two peaks at 166 and 167 , When 3-pentanone 

was treated with PTT (1.5 equivalents) under similar conditions 
for 24 h# bromoacetal 2J resulted in 89% yield# b.p. 64-68®C 

oo 

(2.5 mm) [lit. b.p* 60-68®C (3 mm)]. 

The reaction of an un symmetrical ketone# 2~butanone ( 28 ) 
with PTT and ethylene glycol in tetrahydrofuran gave a mixture 
of l~bromo and 3-bromo acetals (29a and J29b) in 74% yield# 
b.p. 74-80°G (12 mm) [lit. b.p. 75-77 (12 mm)J. When plna- 
col one ( 30 ) was treated with PTT under analogous conditions# 
the reaction proceeded smoothly to yield 82% of pure bromo- 
acetal ^31# b.p. 85-90®C (15 mm). The PMR spectrum of _31 showed 
a singlet at 6 1.0 (9H) corresponding to the tort - butyl group 
protons and another singlet at 3.7 (2H) due to the methylene 
protons. The ethylenedioxy group protons indicated a multiple t 
centred at 4.33 (4H) (Fig. II, B. 2). The mass spectrum showed 
peaks at 167 and 169 (M^-C^H^) * 

Having successfully achieved the a-bromoacetalzation of 
acyclic carbonyl compounds# we next directed our attention 
towards the cyclic ketones of various ring sizes. When cyclo- 
pentanone (^^) was treated with PTT and ethylene glycol in 
tetrahydrofuran/ a-bromoacetal 33 was obtained in excellent 
yield (90%)# b^p. 95-100®C (15 mm) .Similarly# when cyclohexa- 
none (34) was subjec ted to identical reaction cbnditiohs# a 
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clean product 35 was isolated (89%)/ b.p, 90-92'‘C (5 mm) 

5 

[lit. b.p. 115“116®C (10 mm)], Cycloheptanone ( 36 ) under 
similar conditions yielded 81% of the a-bromoacetal 37/ 77- 

80°C (0.5 mm) [lit.^ b.p. 79-83°C (0.5 mm)J, A remarkable 
selectivity was observed in the reaction of 2<-methyl cyclohexa- 
none ( 38 ) . Under the conditions of bromoacetalization/ the 
bromo acetal was obtained as the only product in 79% yield. 

Tho PMR spectrum showed a singlet at 61,76 (3H) assigned to the 
methyl protons and a multiplet between 1,4 and 2,3 for the 
methylene protons. A singlet appeared at 4,03 (4H) due to the 
ethylenedioxy protons (Fig. II, B. 3). The mass spectrum showed 

a, 

molecular ion peaks at 234 and 236 (M ) . When the reaction was 
worked up after 15 h, the cooide product was found to bo a 
mixture of the bromoacetal 3^ and the unbrominated acetal. In 
order to get an insight into the mode of a-bromoacetal iz at ion, 
reactions were carried out with 2-methylGyclohexanone ( 38 ) and 
cyclopentanone (^) for a shorter period of time (5-6 h) , It 
was observed that the unbrominated acetals were the major pro- 
ducts* Thex*GforG/ it is reasonable to assume that ono-pot a- 
bromoacetalizations involve acotalization and then bromination 
of acetals as the major reaction pathway. The compound ^ 
afforded 65% of the acGtal in 6 h and ^ yielded 68% of the 
acetal in 5'...'h.. '■ 

It has been well established that PTT is less electro- 
philic and does not attack aromatic systems. In order to 
substantiate this^ one-pot a-bromoacetalizatipn of acetophenone 




< S (ppm) 

Pig. II-B-3 NMR spectrum (60 MHz) of 
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attempted using PTT and ethylene glycol In tetrahydro-^ 
furan* The reaction was completed in 22 h at room temperature 
to yield 82% of the bromoacetal jU., m.p, 61®C ( Lit, m.p, 61®c)* 

From the several cases of carbonyl compounds studied, it 
has been observed that bromoacetals are formed and isolated. in 
high yield using the one-pot a-bromoacetalization procedure 
(Table Next, we decided to explore the potential use- 

fulness of these a -bromoacetals as valuable synthons by extend- 
ing the methodology to synthosizo cyclic 1# 3-dlketones through 
the formation of unsaturated acetals, followed by appropriate 
functlonalizatiotv of the dauble bond (scheme ^ 

The bromoacetal ,35 was selected as the representative 
example to study this methodology and to optimize the condi- 
tions, Potassium tort- bu toxido or sodium methoxide in dimethyl 

sulphoxide has been found to yield the dohydrobrominated product 

3 

rapidly at room temperature from U’.-bromoacetals, When bromo- 
acetal 35 was treated with potassium tert ^-^butoxide (1*5 equi- 
valents) in dimethyl sulphoxide at room temperature for 6 h, the 
un saturated acetal 42b was obtained in 80% yield, b.p. 74-76*»C 
(17 mm) [lit,^ b.p* 86.5 -88.5®C (23 mm)]- The PMR spectrum 
showed a multiplet between 61*06 and 2,4 (^H) due to the methy- 
lene protons, A slightly split singlot appeared at 3,83 (4H) 
corresponding to the ethylenedioxy protons and tv/o groups of 
signals appeared between 5 , 28 and 5,88 (2H) which: be assign- 

ed to tho vinylic protons (Fig, II,B, 4) , ; 
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Table II.B.l a-Bromoacetal±zation of Carbonyl Compounds 


SI • 
No* 


Substrate 


Product 


Reaction Yield 

time (h) (%) 


1* CH.COCH^ 

3 3 

2. C^H„C0C^Hc 

2 b 2 b 

26 


o> 

CH2^-.CH2Br 

25 



C^Hc-C-CHBrCH_ 
2 5 3 

27 


3. C2H^C0CH3 
28 


Q 

CHgCHBr-^-CH^ 

^b 

o 

+ C2H5-C«CH2Br 
29a 


(Tb 

4. (CH3) ^CCOCH^ (CH^) ^C^C-^GH^Br 

30 ‘ 31 


20 


24 


24 


22 



90 


89 


74 


82 


90 


89 


. . .con-td 
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Table II.B.l (contd.^ 


SI. 

No. 

Substrate 

Product 

Reaction 
time (h) 

Yield 

<%) 

7. 

0=0 

o 

30 

81 



21 



8. 

(~\o 

QD 

28 

79 


M 

39 ^Br 



9. 

C-HcCOGH^ 

6 5 3 

cH. 

N/ 

C^Hc-C-CH.Br 

6 5 2 

22 

82 


i2 

ii 
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Scheme II-B‘7 
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Initial efforts to hydrate the doable bond using hydrobo- 
ration methods did not give encouraging resultsf yielding a 
mixture of products. In recent years / oxymercu ration and demer- 
cu ration has been effectively used for Markownikoff hydration of 
carbon-carbon double bonds. Johnson et alj i during their 
studies of solvent effects in the oxygmercuration of 2-cyclo- 
hexenol and related systems have found that t r an s - 3 - hyd r oxy 
product is the major product in such reactions when performed in 
acetonitrile- water system (95i5). ' When the unsaturated acetal 

42 b was treated with mercuric acetate in acetonitrile-water 
(95:5) medium# followed by treatment with alkaline sodium boro- 
hydride# 3-hydroxyacetal 43 b was obtained in 70% yield after 
flash chromatography. 

Attempted oxidation of the hydroxy acetal 43b vjith silver 

32 33 

carbonate-celxte and pyridinium dichromate was not very 

effective, Wlien the compound 43b was treated with chromium tri- 
oxide-pyridine complex at room temperature/ the reaction was 
complete within 0,25 h to give the product ^7 in 55% yield. IrS'hen 
the same reaction was performed in the presence of dry celite, 
there was a remarkable improvement in the yield of the keto- 
acctal 12 (86%) . The IR spectrum indicated a strong absorption 
at 1720 Gm“^ characteristic of the six membered ketone. ^ The PMR 
spectrum distinctly showed the presence of three types of methy- 
lene groups# thereby confirming the compound to be a l#3-keto- 
acetal, A broad singlet appeared at 6 1*66 (4H) corresponding 
to the methyl en e protons and another broad singlet at 2,0 6 ( 2H) 
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due to the methylene protons adjacent to the carbonyl group* The 
methylene protons in between the ketone .and the acetal groups 
showed a sharp singlet at 2,26 (2H) and the ethyl enedioxy group 
protons traced a singlet at 3,76 (4 h) (Fig, 

When a solution of ketoacetal 17^ in ether was stirred with 
a droi^ of concentrated hydrochloric acid, a fairly clean reac- 
tion occurred to give 1, 3-cyclohexanedione ( 1^) , m.p. 105-106°C 
(lit* ni.p, 105-l07°c)* But the isolation of the dione was 
slightly complicated due to its solubility in water* In order 
to carry out this deacetalization under milder conditions# the 

•3 K 

procedure reported by Huet ^ was attempted by stirring 
the ketoacetal r? with silica gel impregnated with 15% sulphuric 
acid in dichloromethane for 24 h at room temporature* Though 
the reaction took a longer time# isolation and purification 
problems were minimized by this method and 78% yield of the dione 
1^ was obtained. An authentic sample of v/as prepared by the 
lithium- 11 quid ammonia reduction of resorcinol dimethyl ether# 
followed by hydrolysis of the enol ether and compared with the 
synthesized 1# 3-dione 16, 

Next# we focussed our attention on the synthesis of cyclo- 
hep tan©- 1# 3- dione (1^)# applying the same methodology* The un- 
saturated acetal 42c was obtained in 70% yield by dehydrobromi- 
n ation of bromoac etal ^ wi th p otas si urn t ert -butoxid e in dimethyl 
sulphoxide, bip, 94-96»C (10 mm) [lltP b.p, 67»C (2.4 mm)]. The 
un saturated acetal 4 2d showed a broad multiplet between 6. 1, 4 
and 2*5 (8H) due to the methylene protons# a multiplet at ^ 
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3*8 (4H) assigned to the ethyl enedioxy protons and a multiplet 
centred at 5,66 (2H) corresponding to the vinylic protons 
(Fig, II, B, 6) , The oxymercuration-demercuration was performed 
on this un saturated acetal 42 c to yield 64 % of the hydroxyacetal 
^c. The oxidation of ^3c using chromium tri oxide- pyridine 
complex in dichlororne thane gave 70% of the ketoacetal 45. The 
IR spectrum of 45 showed a strong absorption at 1700 cm^ charac- 
teristic of the s even- membe red ketone. The PMR spectrum showed 
a broad signal at 6 1,66 (6H) corresponding to the methylene 
protons. The methylene protons adjacent to the carbonyl group 
indicated a broad singlet at 2.23 (2H) and the methylene pro- 
tons flanked by the ketone and the acetal groups traced a sharp 
singlet at 2,56 (2H), The ethyl enedioxy group protons showed 
again a singlet at 3.76 (4H) (Fig. II,B.7). Treatment of 45 
with silica gel impregnated with 15% sulphuric acid# in dichloro- 
methane did result in the deprotection o£ the acetal# but the 
reaction was very slow (70 h) , However, when 45 was treated 
with 10% hydrochloric acid, cycloheptane- 1, 3-di one (J;9) v/as 
obtained in very good yield (75%), characterized as its disemi- 
carbazone, m,p, 204-206®C (dec.) [lit,^^ m*p. 205-206^0 (dec*)}. 

Encouraged by the success in the synthesis of cyclohexane- 
1, 3-dione (^6) and cycloheptane-l, S-dione (.19) , we directed our 
attention towards the synthesis of cyclopent an e-l, 3-dione, The 
unsaturated acetnl was readily obtained in 70% yield by the 
dehydrobromination of the bromoacetal 33 , b,p, 64— 66°G ( 2l min) , 
[lit, ^ b*p, 65 - 66 . 5®G : (22 mm) ] } The; oxymercuration-demercijratio^^ 




■«— S (ppm) 

Fig. II 6-6 (90 MHz) of 



S (ppm) 

Fig. II-B-7 NMR spectrum (90 MHz) of 45 • 
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procedure gave a very poor yield of a mixture of products. 

Efforts to improve the reaction using wat^jc— tetrahydrofuran 

solvent system and excess of sodium borohydride in the place of 

sodium hydroxide solution, proved futile. Attempts to hydrate 

the double bond using palladium chloride catalyzed addition of 
36 

water in the presence of oxygen was also unsuccessful. Reaction 
conditions are yet to be worked out for achieving this transfor- 
mation* 

The unsaturated acetal seems to be a promising synthon. 

Smith gl: gl., have synthesized a series of (+)-pentenomyGins I- II I, 

^ipentonomyclns and dehydropentenomycin using a common synthetic 

precursor, 2- (hydroxymethyl) -2-Gyclop en ten one* • It appears 

feasible that this key intermediate could be synthosizcd by the 

38 

hydroxymethyl a ti on of the un saturated acetal 42 a. 

Although many methods are known for the synthesis of 
a-bromoacetals of carbonyl compounds, the present procedure 
offers versatility, mildness and selectivity. The methodology 
developed to achieve the synthesis of cyclic 1,3-diketones is 
very simple and thus we have a convenient procedure for the 
overall conversion of inej<pensive and readily available ketones 
to useful synthons like 1, S-diketonos* >, 
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II, B. 4 EXPERIMfflTAL 

General procedures adopted for the reactions ^purification 
of solvents and reagents were the same as are outlined in II. A. 4, 
Dimethyl sulphate was purified as recommended, Potassinm 

^ prepared according to the reported procedure* 
Acetonitrile was distilled fix)m phosphorus pentoxide and stored 
over 4AType molecular sieves. Mercuric acetate was purified by 
recrystallising from hot water containing 5% acetic acid. 


1 1 , B . 4 , 1 a Preparation of Ph enyl trimethyl a^opium sul^^^ 


C^H5-N(CH3)3 t (CH3) 2S0^ 




3'3' 


20 


21 


22 


To a stirred solution of freshly distilled dimethyl aniline 
(^0, 24 g, 26 mb/ 200 mmol) in toluene (lOO mL) was added dis- 
tilled dimethyl sulphate (^1/ 25*2 g, 19 mb, 200 mmol) at 
ca* 40®C dropwise in 0.3 h* A colourless sul feme thyl ate start- 
ed crystallising after a few minutes. Stirring was continued 
for 1*5 h at c^* 50*C and then for 1 h at 100®C. The reaction 
mixture was cooled and the product was filtered, washed with dry 
toluene and dried ^ vacuo to yield 47*5 g (96%) of the sulphe- 
methylate 22 , 


II. B. 4^ lb Prep aration o£ Phenyl trimeth yl amm onium •farlbromlde 
(23, PTT) - 




C 6 H 5 N (CH 3 ) 3 S 0 ^CH 3 

22:;'' 


BryHBr ■ ' + 

. 23':v:-. 
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To a solution of sulphom ethyl ate 22 (45 g, 180 mmol) in 
aqueous hydrobromic acid (48%, 45 mb) dilated with water (45 rriL) , 
added bromine dropwise (38,75 g, 12,5 mL, 244 mmol) over a period 
of 0,75 h under magnetic stirring. The orange yellow precipitate 
which was formed was stirred at room temperature for 5-6 h. The 
product was filtered, washed with water (30 mL) and air dried. 

The crude product was recrystallised from acetic acid (100 mb) 
to yield 63.8 g, (93%) of PTT, m.p, 115 - 166 °C, (lit. m.p. 115- 
116“C) . 


2 Q^-Bromoacetalizablon of Acet one (24) 

> CH3-C-CH2-Br 

25 

To a stirred solution of acetone (l#74 g, 30 nunol) in 
tetrahydrofuran and ethylene glycol (30 mb + 30 mb) was added 
phenyl trimethyl ammonium tribromide {23, 22.5 g, 60 mmol). The 
stirring was continued at room temperature for 20 h. The reac- 
tion mixture was then poured into a solution of 10% sodium 
bicarbonate (250 mb) and 5% sodium thiosulphate (25 mb) and 
extracted with ether (2x100 mb). The combined organic 
extx’act was washed with water (2 x 100 mb), followed by brine 
(100 mb) and dried over anhydrous magnesium sulphate. The solvent 
was removed under reduced pressure to yiel^ the bromoacetal^gS 
which was distilled to give 4. 86 g (90%) of 4^# b,p, 69-70 °c 


CH. 


0 

.C- 


,CH, 


24 
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(14 rnm), b*,p. 73-74°C (18 riun)] . 

IR (thin film): 1120 , 1080, 1040 (^^ n • 

PMR (CDCl^): 1.57 (s, 3H, -CH^) ; 3.36 (s, 2 H, -CHj-Br) 7 
3.96 (s, 4H, -O-CH 2 -CH 2 -O-) . 

MS (m/e)! 167, 165 (m'^-IS), 151, 149, 137, 136, 135, 134, 
123, 121, 105, 95, 93, 87. 


Ij/. 4.3 (X- Bromo acetal i zation of 3<-Pentanone (^) 




PTT/ 


rOH 


o 


C—CH (Br) -CH^ 


26 


27 


The reaction was carried out as above with 3 -pentanone 
(4 g/ 46 rninol), PTT (19,2 g, 51 nimol) and ethylene glycol (40 mb) 
in tetrahydrofuran (40 mb) at room temperature for 24 h to yield 
8.5 g (39%) of 2,7, b.p. 64-68'‘C (2.5 mm) b.p. 60-68'C 

(3 mm) ]. 


IR (thin film): 1140, 1050, 1030 

PMR (CDGl^): 0.8 - 1 , 0 , (t, 3H, rCH^') ; 1 . 6 - 2. 0 (m, 5H, -CH^, 
r.CH 2 ); 4,0 - 4,6 (m, 5H, -CH-Br) , 

MS (m/e): 181, 179 (M^) , 129, 127, 115, 113, 109, 107, 

103, 101, 99, 88 , 87, 86 , 73. 


II, B. 4.4 a-Bromoacetalisjation of 2>- But anon e (28) 


C^HgCOCH^ 

28 


PTT/ 


OH 


G 


^ CH3-CH(Br) — C^CH3 ^ 

29b^' : ■ 22 ^ ' 
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The reaction was carried out under identical conditions as 
above with 2-butanone (^28,, 0.72 g, 10 mmol), PTT (4.51 g, 12 mmol) 
and ethylene glycol (12 mL) in tetrahydrofuran (12 mb) to yield 
1.44 g of a mixture of products, 29a and 29b (14:%), b.p. 74*-80<'C 
(12 mm), [lit, ® b.p. VS-VV^C (12 mm)]. 

IR (thin film): 1100, 1060 {v „ ' ) . 

PMR (CDC1,)| 0.96 (t, -CH,); 1.5 (s, -CH.) ; 1.76 (d, -CH.) ; 

3 o J 3 

I, 8 (q, -CH^); 3.4 (s, -’CH^) ; 4.03 (m, 4H, -O-CH^-CH^-O-) . 

Anal, for GgH^^^O^Br: Calcd. C, 36.92; H, 5.64. 

Pound C, 36.78; H, 5.74, 

II. B, 4.5 a~ B rom o acetal i z ati on of 3, 3«Dimethyl~ 2-butanone ( 30 ) 

PTT/ 43 

(CH^) 3CCOGH2 (CH3) .C— GH^-Br 

.30 3J, 

The reaction was performed under analogous conditions as 
above with te^- butyl methyl ketone (^30, 0.5 g, 5 mmol). PTT 
(2.82 g, 7.5 mmol) and ethylene glycol (6 mL) in tetrahydrofuran 
(6 mL) for 22 h which yielded 0.914 g (82%) of 3Jl, b.p. 85-90<^G 
(15 iwn) ♦ . 

IR (thin film) ! 1170/ 1060 (^c-O-C^ ' 

PMR (CDCI3) : 1. 0 (s, 9H, -GH^) ; 3.7 (s, 2H, -.CH^-Br) ; 4. 33 
(m, 4H, -O^GH^-GH^-O-).; 

MS (m/e) : 167, 165 : (M^’-G^Hg) , 123, 121, ; 8&, 73, ^ 5^^ 



Anal, for C^H^O^Br; Calcd, C, 43.04; H, 6,73, 

Found C, 43.11; H, 6.80. 
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II, B, 4.6 d^-Bromoacetalization of Cyclopentanone (32) 



The reaction was carried out as in the earlier cases with 32 
(4.2 g, 50 minol) / PTT (19.2 g, 51 iwiol) and ethylene glycol (40 mh) 
in tetrahydrofuran (40 mL) for 24 h to yield 9. 2 g of 3^ (90/0 / 
b.p. 95-100°C (15 mm). 

IR (thin film): 1110, 1060, 1035/1010 * 

PMR (CDCl^): 1.56 -2,6 (m, 6H, -.CH2-) ; 4,03 (m, 5H, 

MS (m/e) : 208, 206 (m"*") , 179,, 177, 137, 135, 127, 125, 99, 

Anal, for C^H^^O^Br: Calcd. C, 40.58; H, 5.31, 

Pound C, 40,26; H, 5.18, 

II. B, 4.7 - Bromoac e tal izat ipn of ^ycl 



a- Bromoacetali nation was carried out with 34 (4*9 g, 50 mmol), 
PTT (28, 2 g, 75 mmol) and ethylene glycol (40 mL) in tetrahydro- 
furan (40 mL) for 27 h to yield 9.8 g SS. (89%) , P* 90-92 
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(5 mm), [lit.‘ b.p. 115-116°C (10 mm)]. 

IR (thin film): 1150, 1130, 1080 n • 

PMR (CDCl^^)i 1.16-2.46 (m, 8H, -CH^-) ; 4.03 (m, 5H, 
, -CH-Br) , 


1 1 . B . 4 . 8 e of ‘^yc\o^eptan on e ( 3^^ 

A toH. Q 

O ^ Q“ 

The reaction was carried out as earlier with 3^ (3.18 g, 
30 mmol), PTT (12*4 g, 33 mmol) and ethylene glycol (30 niL) in 


tetrahydrofuran (30 rnL) , for 30 h which yielded 5.68 g of 37 
(81%), b.p. vv-ao^c (0.5 mm), [lit. ^ b.p. 79-8300 (0.5 mm)]. 


IR (thin film) : 1150, 1100, 1040 (:i^^ 0 * 

PMR (CDCl^) : 1,36 - 2. 43 (m, 10 H, -CH^) ; 3.83-4.4 (m, 5H, 
-O-CH^-CH^-O, -GH-Br) . 

MS (m/e): 236, 234 (m"^), 207, 205, 179, 177, 155, 113, 99, 
86, 55. 


Anal, for C^H^^O^Br: Calcd. c, 45.96; H, 6,38. 

Pound C, 45.62; H, 6.61. 


II . B. 4. 9 a-Bromoacetalization of Me^thyl ey e 1 ^ 
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The compound 5^S (0.224 g, 2 mmol) was subjected to similar 
reaction conditions as in the earlier examples, using PTT (2.26 g, 

6 mmol) and ethylene glycol (4 rah) in tetrahydrofurah (8 mL) for 
28 h to give the crude product which was chromatographed over neutral 
alumina to yield 0.37 g of pure 39 (79%, elution with petroleum 
ether) . 

IR (thin film) : 1175, 11 00, 1040 (^q_q ^) . 

PMR (CDCl^): 1.76 (s, 3H, -CH^) ? 1.4 -2.3 (m, 8H, -CH^) ; 

4.03 (s, 4H, . 

MS (m/e): 236, 234 (M*^) , 169, 155, 113, 99, 86, 71, 57, 43. 

Anal, for CgH^gO^Br; Calcd, C, 45.96; H, 6.38. 

Pound C, 45,69; H, 6.67, 

f 

II ,8,4, 10 cc-Bromoace tali nation of Acetophenone (40) 



Treatment of acetophenone (40, 0.24 g, 2 mmol) with PTT 

(0.83 g, 2.2 mmol) and ethylene glycol (4 mL) in tetrahydrofuran 

n 

(4 mL) for 22 h yielded 0. 39 g of ^1 (82%) , m.p. 61®C (lit. 
m.p. 61°C ). 

IR (CHCl^) ^ 11^0/ ; 
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II. B, 4, 11 Pr eparation of Olefinic Acetal 42b 


3 ^ 

Potassium tertiary butoxide (8,8 4 g# 40 mmol) v/as taken in 
dry dimethyl sulphoxide (25 mb) and stirred at 40 ®C until a homo- 
geneous solution was obtained. The bromoacetal was added 
dropwise to the potassium ter t- butoxide solution over 0.3 h and 
the stirring was continued for additional six hours. The reaction 
mixture was slowly added to cold water (125 mb) with stirring and 
extracted with hexane (4 xlOO mb) , The hexane extract was washed 
with water (2 xlOO mb) followed by brine (100 mb) and dried over 
anhydrous magnesium sulphate. After filtering, the solvent was 
evaporated under reduced pressure to yield a liquid which was 
distilled to give 4,48 g of \42b (80%), b,p» 74-76®C (17 mm), 
[lit.^ b,p, 86,5-88.5‘>C (23 mm)], 

IR (thin film): 1110, 1030 

PMR (CDCl^): 1,06-2/4 (m, 6H, -CH^) ; 3,83 (s, 4H, 
-O-CH^-CH^-O-) ; 5,28-5,88 (m, 2H, vinylic) . 




1 1 » B , 4 . 1 2 P rep a r ation jof Hy droxy ac etal 
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To a suspension of recrystallised mercuric acetate (2,8 g, 

20 mmol) in acetonitrile containing water (80 mL., 95:5) was added 
the un saturated ketal in a small amount of acetonitrile^ in 
one portion. The resulting mixture was stirred for 4 h during 
v^hich the reaction mixture turned white and then it was cooled to 
0®C. 10% aqueous sodium hydroxide solution (40 mL) was added 

followed by a solution of sodium borohydride (1.52 g, 40 mmol) in 
10% aqueous sodium hydroxide solution (40 mL) , The grey mixture 
was stirred at room temperature for 2 h, saturated v;ith sodium 
chloride and filtered through a pad of celite and sand. The 
filtrate was extracted with a mixture of chloroform and ethyl 
acetate (1:1, 4x50 mlc) . The combined extract was washed with 
brine and dried over anhydrous magnesium sulphate. The solution 
was filtered and the solvent was evaporated under reduced pressure 
to afford an oil. The crude product upon flash chromatography 
yielded 2.12 g of the hydroxyacetal 43 b (70%, elution with 1:1 
ether-petroleum ether) • 

IR (tViin film): 3400 1100, 1050 

PMR (CDCI 3 ) : 1.14-2.16 (m, 6 H, -CH^) J 2.9 (s, IH, -OH, D^O 
exchangeable); 4.0 (s/ 4 H, -O-CH^-CH^-O-), 

MS (m/e) i 158 (M''") , 141, 115, 99, 86 , 71, 55, 43. 

II, B, 4. 13 P r epar a ti on of Ketoac e tal 17 
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To a solution of distilled pyridine (9*36 g, 120 mmol) in 
dry dichloromethane (100 mL) was added chromium tri oxide (dried 
over phosphorus pent oxide, 6*0 60 mmol) and clean dry c elite 

(4 g) . The resulting mixture was stirred at room temperature for 
0*25 h* The hydroxyacetal ,42b (0.948 g, 6 mmol) dissolved in dichlo- 
romethane (5 ml) was added to the burgundy red homogeneous solu- 
tion of the reagent; in one portion. The reaction mixture turned 
black immediately and then it was stirred for an additional 0*25 h 
and then diluted with anhydrous ether, filtered through a p.ad of 
celite and sand* The celite cake was washed thoroughly v;ith 
plenty of ether. The filtrate was evaporated to yield an oil 
which was filtered through a short silica gel column to afford 
0.8 g of IJ.. (86%; elation with 3;7 ether-petroleum ether). 

XR (CHCl^): 1720 ^^C-O-C^ ' 

PMR (CDCX^)t 1.66 (br; s, 4H; -CH^) ; 2,06 (br, S; 2H; -GH^) ; 
2.26 (s; 2H; -CH^) ; 3.76 (s, 4H; -O-CH^-CH^-O-) . 

Anal* Calcd. C; 61,53; H, 7.69. • 

Pound C; 61,3; H, 7*8. 

II. B, 4.14 ^drolysis Of IJ with Acid Irnpr egnat e d Silica gel 

To a suspension of silica gel (100-20 0 mesh; 3.0 g) Iri 
dichloromethane added 15% sulphuric acid (0.6 mL) and stirred 
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until the turbidity in the dichloromethane vanished* Added keto- 
acetal J/7 (0,5 g, 6*4 mmol) in a small amount of dichloromethane 
in one portion and stirred for 24 h. Solid sodium bicarbonate was 
added with stirring until no eff eirvescence was observed* Filtered 
the reaction mixture and washed the silica gel residue thoroughly 
with dichloromethane. The filtrate was evaporated to give 0.55 g 
of 1_6 (78%), m.p. 105-106 = 0 (lit.^^m.p, 105-107=0). 

IR (CHCI3)! 3400 (’^o_j^), 1705 1660, 1620 (’^c=C-0^ • 


II*B,4,15 P reparat ion ^ of Dihydro re sorci nol 





Lithium pieces (6,9 g, lOO mmol) were added in portions to 
liquid amiTionia within ten minutes, A solution of resorcinol 
dimethyl ether ( 2,76 g, 20 mmol) in anhydrous tetrahydrofuran 
(15 mL) and absolute ethanol (2.2 mL) was added slowly dropv^ise 
to the blue solution and stirred for 1 h during which the reaction 
.mixture turned white. Solid armionium chloride was added to 
destroy excess of lithium and the ammonia was allowed to ovapo- 
rato at room temperature. The curdy white paste was taken in 
water and extracted in ether (3 x 50 mL) , The ether extract was 
washed with v/ater several times followed by 10 % aqueous sooium 
hydroxide solution (50 mL) and then with brine. The ether extract 
was dried ovor hnhydrous sodium sulphate ^ filtered and concGiitratGd 
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to afford 1.9 g of an oil (47/ 68%); b.p. 94-95®C (18 mm) 
b.p. 95‘^G (18 mm)]. A solution of £7 <1,4 10 mmol) in dlchlo- 

romethane was shaken with concentrated hydrochloric acid (1 mb) 
for 0,25 h. The organic layer was stirred with solid sodium 
bicarbonate/ filtered/ dried over sodium sulphate and evaporated 
to yield 0,9 g of 16 (60%), m.p, 105-.106®C (lit.^^ m.p, 105~106°C) , 


II, B, 4* 16 PreparaJ^on of Olefinic Acetal .42c 



Potassium ter‘t> butoxide (3,36 g, 30 mmol) was dissolved in 
dry dimethyl sulphoxide (20 nil/) at 40® C, To the resulting solu- 
tloH/ 37 (4,7 ,g/ 20 mmol) was added slowly dropwise at room tempe- 
rature and stirred for 4 h. Poured the reaction mixture slowly in- 
to cold water and extracted with hexane (3x50 ml/). Tho hexane 
extract was washed several times with water followed by brine and 
dried over magnesium sulphate; filtered and the solvent V7as 
removed under reduced pressure to yield 2.15 g of 42c (70%), 
b.p, 94-96'>C (10 nim) b.p. 67°C (2. 4 mm)]. 

IR (thin fiilm)! 1100, 1070 (^c-O-C^ ' 

PMR (CDG1-) ! 1. 4-2,5 (m, 8H, -GH 2 ) , 3.8 (m, 4H, -0-CH2-rGH2-0-), 
5,66 (m,3H/ vinylic). 
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1 1. B. 4*17 Preparation of Hyaroxyacetal 



To a suspension of mercuric acetate (4.0 12.6 mmol) in 

tetrahydrofuran- water (1:1, 20 mL) was added the unsaturated 
ketal j42c (1.84 g, 12 mmol) and stirred for 2 h during which the 
reaction mixture turned white. To the resulting mixture at 0^=0, 
added 10% aqueous sodium hydroxide solution (12 mL) followed by 
a solution of sodium borohydride (0.91 g, 24 mmol) in 10% 
aqueous sodiuiifi hydroxide solution. Tho usual work-up as given 
in II.B.4.12 afforded on oil which was purified by flash chromato- 
graphy to give 1*32 g of 43c (64%). 

IR (thin film) t '3380 1100, 1070 


II.B.4*18 Preparation of Ketoacetal 45 




The reagent 2Py.CrO^ was prepared using pyridine (7.8 g, 

100 mmol) and chromium trioxide (5 g/ 50 mmol) in dichloromethane 
(80 mb) along with celite (3 g) . A solution of 43c (0.86 g, 5 
5 mrnoi) in dichloromethane (5 mL) was added in one portion and 
worked up aftier 0.25 h as given in Il.B. 4* 13# to yield an oil 
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which upon flash chromatography yielded 0.609 g of 4^ (70^/ elu- 
tion with 1:1 ether-petroleum ether) , 

IR (GMCI 3 ): 1700 1080, 1040 

PMR (CDCI 3 ): 1,66 (br, s, 6 H, -GH^) 7 2,23 (br, s, 2H, --Cn^) j 
.2,56 (s/ 2H, 3,76 (s/ 4H, -O-GH^-CH^-O-) , 

Anal* for Calcd, G, 63,52; H, 8.23, 

Found C, 63,20/ H, 8.50, 


II,B,4,19a Hydrolysis of 45 with 10% Hydrochloric Acid 

10% HCl 


i§. 12 

The compound (0,5 g, 3,96 mmol)v;as stirbed vrith 10% 
hydrochloric acid (10 mb) for 2 h at room temperature. Extracted 
with chloroforiT^ (5 x 20 mL) and the organic layer was washed v?ith 
saturated sodium bicarbonate solution (20 mb) followed by water 
(20 mb) and then brine (20 mb); dried over anhydrous magnesium 
sulphate, filtered and concentrated to yield an oil which was- 
filtered through a short pad of neutral alumina (elution with 
3 j7 ( 2 thor-petrolQurn ether) to afford 0,374 g of (75%) as a 
liquid, 

IR (GHCl^)?. 1710 (split, 

PMR (CDClj) i 1.33 - 2.1 (m, 4H, -CH^) ; 2.46 (m, 4H, -COCH2) ; 
3.53 (s, 2H, -COCHgCO- ). 
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II*B,4.19b Preparation of Disemicarbazone of 19 



To a solution of semicarbazide hydrochloride (0,166 g, 

l, 5 miT\ol) and sodium acetate (0,122 g, 1,5 mmol) in water (5 mL) 
was added a solution of 19. (0.063 g, 0,5 mimol) in ethanol (2 mL) , 
The resulting mixture was heated on a water bath for 0,5 h. 
Colourless crystals separated out on cooling which were filtered 
and dried to yield 0,1 g of the disemicarbazone of (90%)/ 

m. p. 204-206»C (dec.) m,p. 205-206°C (dec,)]. 


II,B, 4, 20 Preparation of Olefinic Acetal .42a 

r 

The dohydrobromination reaction was carried out as earlier 
with 33 (4,14 0 / 20 mmol) using potassium tert-butoxide (3,36 g, 
30 nrnoi) in dimethyl sulphoxide (15 mL) to yield 1,96 ‘g of the 
unsaturated ketal b.p, 64-66® C (21 mm) lit, ^ b,p, 65-66, 5®C 

(22 m\) \ 

IR (thin film) I 1620 < 1080/ 1050/ 1025 * 

PMR (CDCl^) J 1* 48 - 2,56 (m/ 4 H/ -CH 2 ) ; 3.84 (s/ 4H/ ^GH^) ^ : 
5*56-6, 08 (m, 2H/ vinylic) , . 
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